Renewable energy in the City of Rockingham: Lark Hill Regional Sporting Complex wind turbine feasibility study by Billing, Ross
ENG 450: Engineering Internship 
 
MURDOCH UNIVERSITY 
SCHOOL OF ENGINEERING AND ENERGY  
 
RENEWABLE ENERGY IN THE CITY OF 
ROCKINGHAM: 
LARK HILL REGIONAL SPORTING COMPLEX WIND 
TURBINE FEASIBILITY STUDY 
 
CITY OF ROCKINGHAM 
Ross Billing 30376251 
University Supervisor: Trevor Pryor 
Workplace Supervisor: Paddy Strano 
2008 
 
A report submitted to the School of Engineering and Energy, Murdoch University in partial 
fulfilment of the requirements for the degree of Bachelor of Engineering. 
 
 
 
 
 
 
 
  
Page | i  
1  Acknowledgements 
 
This report entitled, “Renewable Energy in the City of Rockingham: Lark Hill Regional 
Sporting Complex Wind Turbine Feasibility Study” is a continuation of the works of 
Tilbrook in 2004 (Tilbrook 2004) and Stanford in 2005 (Stanford 2005) who were also 
Murdoch internship students who investigated alternative energy solutions within the 
City of Rockingham.  Their reports were used as a guide to the format of this report and 
their recommendations and researched data were utilised by this study. 
Dr Trevor Pryor and Dr Jonathan Whale, my academic supervisors, were extremely 
helpful during the development of this report.  Their vast knowledge bases were 
regularly accessed so as to gain strong foundations in wind energy assessment and 
analysis. 
With strong foundations laid, the pillars of knowledge placed upon them were provided 
by Mr Paddy Strano, my workplace supervisor, and the team of Environmental Officers 
at the City of Rockingham.  Their extensive knowledge of Local Government 
procedures, policy, and project background was greatly appreciated. 
With strong foundations and a strong structure, the roof would be analogous to the 
motivation to complete this project on time.  The motivation to finish on time I devote 
to my son, Jacob who was born in the final moments of this project and also arrived on 
time. 
Finally, a structure is never complete without a celebration of food.  To my wife, 
Hayley, I am sincerely grateful for all the food, great dinners, lunches, snacks, love and 
support that she provided for me during this project.  For all of these things I am truly 
thankful. 
   
Page | ii  
2  Abstract 
 
The City of Rockingham has long been considering alternative energy options.  A 
number of these options were documented in a report produced by Murdoch internship 
student Rebecca Tilbrook in 2004(Tilbrook 2004).  One such option detailed the 
investigation of siting a wind turbine at the then proposed Lark Hill Regional Sporting 
Complex.   
Further to the work of Tilbrook, Council officers O’Neill, Strano and Ricci sought the 
Council’s endorsement to investigate the feasibility of construction of a wind turbine in 
the City of Rockingham for power generation and/or educational purposes.  This 
endorsement was appealed for in the July 2008 General Council Meeting and was 
approved.  In light of this decision, a Murdoch University internship student was 
contracted to undertake this study and provide the findings to Council. 
This report continues on from the work initiated by Tilbrook to determine the feasibility 
of siting a wind turbine at the Lark Hill Regional Sporting Complex.  The findings of 
this report indicate that a number of sites would be suitable for the installation of a small 
wind turbine (<100kW) at Lark Hill as a precursor to gaining better knowledge of the 
wind resource at the site for the investigation of the feasibility of a larger turbine 
(>100kW). 
An energy audit was the first investigation conducted to determine the feasibility of 
siting a wind turbine within the Lark Hill Regional Sporting Complex.  Once the energy 
audit was complete, a wind resource assessment was undertaken to predict the wind 
climate at the proposed sites.  Finally, a number of small wind turbines were compared 
and contrasted in terms of technical and financial performance. 
The key outcomes of the internship included the conduct of a feasibility study that 
Council could use to determine the suitability of installing a wind turbine at the Lark 
Hill Regional Sporting Complex.  This feasibility study was conducted and the results 
have been put forward for review by the Council at the November 2008 ordinary 
Council meeting. 
    
Page | iii  
Table of Contents 
 
1  Acknowledgements .................................................................................................... i 
2  Abstract ..................................................................................................................... ii 
3  List of Tables ........................................................................................................... vi 
4  List of Figures .........................................................................................................  vii 
5  Purpose and Structure of Report ............................................................................... 1 
6  Introduction and Background  .................................................................................... 2 
6.1  Engineering Internship ....................................................................................... 2 
6.2  Background ........................................................................................................ 2 
6.3  Internship Objectives:  ......................................................................................... 2 
6.4  The City of Rockingham .................................................................................... 3 
7  Definitions ................................................................................................................. 5 
8  Environmental Impact ............................................................................................... 6 
8.1  Noise Considerations .......................................................................................... 6 
8.2  Visual Impact...................................................................................................... 6 
8.3  Carbon Offset ..................................................................................................... 7 
8.4  Flora and Fauna .................................................................................................. 8 
9  Energy Audit and Feasibility Study .......................................................................... 9 
9.1  Overview ............................................................................................................ 9 
10  Wind Assessment .................................................................................................... 10 
10.1  Meteorological Data ..................................................................................... 10 
11  Turbine Selection .................................................................................................... 12 
11.1  Noise Considerations .................................................................................... 13 
12  Tower Selection ...................................................................................................... 14 
12.1  Tubular Steel Towers  .................................................................................... 14 
12.2  Lattice Towers .............................................................................................. 14 
12.3  Guyed Pole Towers  ....................................................................................... 15 
13  Site Selection  ........................................................................................................... 16 
13.1  Investigated Locations .................................................................................. 17 
13.2  Community Involvement .............................................................................. 19 
13.3  Educational Benefit ...................................................................................... 20 
14  Grid Connection ...................................................................................................... 21 
15  Project Options  ........................................................................................................ 22  
Page | iv  
15.1.1  Project site:  ................................................................................................ 22 
15.1.2  Wind Turbine Selection ............................................................................ 23 
16  Future Work ............................................................................................................ 25 
17  Conclusion .............................................................................................................. 27 
18  Recommendations ................................................................................................... 28 
19  References: .............................................................................................................. 29 
20  Appendix I – GAANT Chart ................................................................................... 32 
21  Appendix II – WAsP – Electronic Wind Resource Assessment ............................. 33 
21.1  Vector Map ................................................................................................... 33 
21.2  Wind Atlas .................................................................................................... 34 
21.3  Surface Roughness  ........................................................................................ 35 
21.4  Wind Turbine Site  ......................................................................................... 38 
21.4.1  Site Specific Obstacle Groups  ................................................................... 38 
21.5  WAsP Results ............................................................................................... 40 
21.5.1  Data Interpretation .................................................................................... 44 
21.5.2  Turbine Site Report ................................................................................... 45 
22  Appendix III – Wind Turbine Analysis .................................................................. 47 
22.1.1  Emission Analysis ..................................................................................... 48 
22.1.2  Financial Analysis ..................................................................................... 49 
22.1.3  Renewable Energy Certificates (RECs) .................................................... 49 
22.2  Wind Turbine Results ................................................................................... 51 
22.2.1  Proven 2.5kW Wind Turbine .................................................................... 51 
22.2.2  Proven 6kW Wind Turbine ....................................................................... 52 
22.2.3  Proven 15kW Wind Turbine ..................................................................... 53 
22.2.4  Southwest Windpower 3kW Wind Turbine .............................................. 54 
22.2.5  Aerogenesis 5kW Wind Turbine  ............................................................... 55 
22.2.6  Hush 5.5m (18kW) Wind Turbine ............................................................ 56 
22.2.7  Results Summary ...................................................................................... 57 
22.3  Conclusion .................................................................................................... 58 
22.4  Recommendations ......................................................................................... 59 
23  Appendix IV – Site Location .................................................................................. 61 
23.1  Topography ................................................................................................... 62 
23.2  Site analysis .................................................................................................. 63 
23.2.1  Southeast site  ............................................................................................. 63  
Page | v  
23.2.2  South West Site ......................................................................................... 65 
23.2.3  Site Recommendation ............................................................................... 67 
24  Appendix V – Council Report ................................................................................ 68 
25  Appendix VI– Energy Audit: Lark Hill Regional Sporting Complex .................... 72 
25.1  Abstract ......................................................................................................... 74 
25.2  Table of Contents  .......................................................................................... 75 
25.3  Introduction and Background ....................................................................... 76 
25.4  Energy Used by Facility ............................................................................... 77 
25.5  Loads ............................................................................................................. 79 
25.6  Light Intensity  ............................................................................................... 80 
25.7  Estimated Energy Consumption ................................................................... 81 
25.8  Renewable Energy Review ........................................................................... 81 
25.9  Recommendations ......................................................................................... 83 
25.9.1  Lighting ..................................................................................................... 83 
25.9.2  HVAC ....................................................................................................... 84 
25.9.3  Heating ...................................................................................................... 84 
25.9.4  Alternative Energy .................................................................................... 84 
25.10  References ..................................................................................................... 86 
25.11  Appendix A– Energy Use ............................................................................. 87 
25.12  Appendix B – Estimated Energy Consumption ............................................ 90 
25.13  Appendix C - Lighting Description .............................................................. 94 
25.14  Appendix D – Energy Alternatives  ............................................................... 95 
26  Appendix VII – November Council Item (DRAFT) ............................................... 96 
27  Appendix VIII – Electronic Appendices ............................................................... 106 
 
   
Page | vi  
3  List of Tables 
 
Table 1 - Advantages and Disadvantages of SW and SE sites ....................................... 19 
Table 2 - Table 1- Statistics from the Observed Wind Climate feature of WAsP 10m 
height. .............................................................................................................................. 35 
Table 3 - Table of surface lengths and roughness classes (WAsP, 2008)  ....................... 36 
Table 4- Statistics for Kwinana Project: Predicted wind profile at Lark Hill for the SE 
site ................................................................................................................................... 40 
Table 5 - Statistics for Garden Island Project: Predicted wind profile at Lark Hill fro the 
SE site ............................................................................................................................. 40 
Table 6 - Statistics for Mandurah Project: Predicted wind profile at Lark Hill for the SE 
site ................................................................................................................................... 41 
Table 7- Statistics for Kwinana Project: Predicted wind profile at Lark Hill for the SW 
site ................................................................................................................................... 41 
Table 8 - Statistics for Garden Island Project: Predicted wind profile at Lark Hill fro the 
SW site ............................................................................................................................ 42 
Table 9 - Statistics for Mandurah Project: Predicted wind profile at Lark Hill for the SW 
site ................................................................................................................................... 42 
Table 10 – Average data for sequential hub heights from the three projects for the SE 
site ................................................................................................................................... 44 
Table 11 – Average data for sequential hub heights from the three projects for the SW 
site ................................................................................................................................... 44 
Table 12 - Proven 2.5kW Wind Turbine Results ............................................................ 51 
Table 13 -  Proven 6kW Wind Turbine  ........................................................................... 52 
Table 14 - Proven 15kW Wind Turbine  .......................................................................... 53 
Table 15 - Southwest Windpower 3kW Wind Turbine .................................................. 54 
Table 16 - Aerogenesis 5kW Wind Turbine ................................................................... 55 
Table 17 - Hush 5.5m diameter wind turbine ................................................................. 56 
Table 18- Summary of Key Performance Indicators for selected wind turbines ............ 57 
Table 19 - Energy consumption for Lark Hill Sporting Complex .................................. 77 
Table 20 - Snapshot of energy consumption on an average day (1/6/08) ....................... 78 
Table 21 - Summary of energy use and carbon footprint for Lark Hill Sporting 
Complex. ......................................................................................................................... 79 
Table 22 - Light intensity measurements for various locations in the clubroom of lot 102
 ......................................................................................................................................... 80 
Table 23 - Power use for Lot 104 Warnbro Sound Ave (Lark Hill Sporting Complex)  . 87 
Table 24 - use for Lot 103 Warnbro Sound Ave (Lark Hill Sporting Complex)  ............ 87 
Table 25 - use for Lot 102 Warnbro Sound Ave (Lark Hill Sporting Complex)  ............ 88 
Table 26 - Floodlighting at Lark Hill Sporting Complex ............................................... 93 
Table 27 - Table of Energy Consumption by Lot ........................................................... 95 
Table 28 - Comparison of renewable energy power options from Synergy. .................. 95 
Table 29 - Alternative energy options for the four month analysis period ..................... 99 
Table 30 - Estimated average wind speed for the SW and SE sites at various heights. 100 
Table 31 - Turbine comparison ..................................................................................... 102 
  
Page | vii  
4  List of Figures 
Figure 1 - City of Rockingham Organisational Structure (used with permission) (City of 
Rockingham n.d.) .............................................................................................................. 4 
Figure 2 – Map depicting the location of Lark Hill Regional Sporting Complex (Google 
2008). .............................................................................................................................. 17 
Figure 3 - Location of proposed sites within the Lark Hill Regional Sporing Complex 18 
Figure 4 - GAANT Chart for Wind Turbine Project Progress ........................................ 32 
Figure 5 - Vector Map (Data Courtesy of Landgate) ...................................................... 34 
Figure 6 - Roughness Roses overlying Google Map for analysis  (Google 2008) ......... 36 
Figure 7 - Roughness Rose for Mandurah weather station ............................................. 37 
Figure 8 - Obstacle Group SE Site .................................................................................. 38 
Figure 9 - Obstacle Group SW Site................................................................................. 39 
Figure 10 - Vertical mean wind shear profiles for SE and SW sites  ............................... 42 
Figure 11 - Wind frequency rose for Lark Hill SW site based on Garden Island project.
 ......................................................................................................................................... 45 
Figure 12 - Wind frequency rose for Lark Hill SW site based on KIC project .............. 45 
Figure 13 – Wind frequency rose for Lark Hill SW site based on Mandurah project .... 46 
Figure 14 - Average wind direction distribution for the three projects  ........................... 46 
Figure 15 - Vertical Wind Profile for KIC data produced by WAsP .............................. 47 
Figure 16 - Power and Energy Curves for Proven 2.5kW Wind Turbine ....................... 51 
Figure 17- Power and Energy Curves for Proven 6kW Wind Turbine ........................... 52 
Figure 18 - Power and Energy Curves for Proven 15kW Wind Turbine ........................ 53 
Figure 19 - Power and Energy Curves for Southwest Windpower 3kW Wind Turbine  . 54 
Figure 20 - Power and Energy Curves for Aerogenesis 5kW Wind Turbine ................. 55 
Figure 21 - Power and Energy Curves for Hush 5.5m diameter wind turbine................ 56 
Figure 22 - Graph comparing the estimated cost of each project ................................... 57 
Figure 23 - Comparison of Estimated annual production ............................................... 57 
Figure 24 - Comparison of estimated unit costs when operating at rated power ............ 58 
Figure 25 - Comparison of estimated payback period .................................................... 58 
Figure 26 - Comparison of estimated carbon offset ........................................................ 58 
Figure 27- Proposed development overlying current satellite image.  ............................. 61 
Figure 28 - Lark Hill Regional Sporting Complex and Surrounds (Map Info Corp 2006)
 ......................................................................................................................................... 63 
Figure 29 - Proposed southeast site  ................................................................................. 64 
Figure 30 - Proposed SE Site. View from Clubroom looking North. ............................. 65 
Figure 31 - Proposed SW site. ........................................................................................ 66 
Figure 32 - Proposed SW Site.  View from Clubroom, looking NW. ............................ 66 
Figure 33 - Daily averages of energy use of each lot at Lark Hill Sporting Complex over 
each billing period. .......................................................................................................... 87 
Figure 34 - Daily energy use at Lark Hill Sporting Complex by Lot ............................. 88 
Figure 35 - Forecast daily energy consumption for Lark Hill by Lot. ............................ 89 
Figure 36 - Energy consumption on an average day by lot............................................. 89 
Figure 37 - Estimated Daily Energy Consumption by Location for Lot 102.................. 90 
Figure 38 - Estimated Daily Energy Consumption by Light Type for Lot 102 .............. 90 
Figure 39 - Estimated Energy Consumption by Location for Lot 103 ........................... 91  
Page | viii  
Figure 40 - Estimated Daily Energy Consumption by Light Type for Lot 103 .............. 91 
Figure 41 - Estimated Energy Use by Location for Lot 104 ........................................... 92 
Figure 42 - Estimated Energy Use by Light Type for Lot 104 ....................................... 92 
Figure 43 - Snapshot of Gas and Electricity used on an average day at the Sportsplex . 97 
Figure 44 - Forecast of the daily energy consumption for Lark Hill Regional Sporting 
Complex .......................................................................................................................... 98 
Figure 45 - Proposed site locations between stage 1 and stage 2 (proposed) 
developments................................................................................................................. 100 
 
 
  
Page | - 1  
5  Purpose and Structure of Report 
The purpose of this report is to provide both the University and the City of Rockingham 
with the results of the feasibility study for the Lark Hill Sporting Complex wind turbine, 
undertaken by Ross Billing of Murdoch University in partnership with the City of 
Rockingham for the unit ENG450 Engineering Internship. 
This report has been organised chronologically based on the order that the events took 
place.  The main findings of the project have been documented within the body of the 
report whereas full details surrounding each finding have been included in the 
appendices.  The report begins with a brief environmental investigation that looked at 
noise impacts and the effect that a wind turbine would have on the local flora and fauna.   
To determine the ideal wind turbine size, an investigation into the energy demand of the 
site was to be conducted.  An energy audit of the site was therefore initially conducted 
which was documented and can be found in Section 25, Appendix VI– Energy Audit: 
Lark Hill Regional Sporting Complex.   
Once the energy demand was known, a wind assessment using WAsP was conducted.  
Full details of the wind resource assessment can be found in Section 21 Appendix II – 
WAsP – Electronic Wind Resource Assessment.  The wind resource assessment placed 
demands on knowledge of an appropriate site.  The site selection was one of the 
variables in the project and as such a number of sites were investigated at different 
times through the project.  The site assessment was documented in Section 23 Appendix 
IV – Site Location. 
Information on the wind turbines that were investigated throughout the project were 
then detailed in this report.  Information relating to various wind turbines and their 
impacts on the site were detailed along with a description of various wind turbine tower 
types that could be considered. 
Various project options were then provided and these were documented in the body of 
the report.  The project also desired the turbine to be grid connected and so a brief 
description of the issues associated with the grid connection of a domestic size wind 
turbine were discussed.   
The body of the report also included an indication of the future work required to make 
the project a success.   
The outcome of the current project was to propose to have the Council endorse plans to 
open the project to tender.  A draft copy of the report submitted to council was also 
included in this report in Section 26 Appendix VII – November Council Item (DRAFT) 
Additional to this report are the electronic attachments on CD that include the WAsP 
project, Retscreen (RETScreen V4 2008) analyses and other information used in the 
compilation of this report.  Full details on the content of the electronic attachments can 
be found in Section 27.    
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6  Introduction and Background 
 
6.1  Engineering Internship 
In response to City of Rockingham’s strategic plan to improve the natural environment 
and the work undertaken by Rebecca Tilbrook in 2004 (Tilbrook 2004), the feasibility 
of installing a wind turbine at the Lark Hill Regional Sporting Complex was 
commenced.  The aim of the project was to help Council reduce its greenhouse gas 
emissions by 20% of the 1996 levels by 2010.   
The City of Rockingham joined with Murdoch University to obtain the services of a 
final year Electrical Engineering student for the period covering the 24
th July, 2008 to 
the 28
th November, 2008.  The work-placement occurred at the Council’s administration 
building in Rockingham; however, during the placement, utilisation of licensed software 
at Murdoch University was required.  Therefore, a portion of this placement occurred in 
the Renewable Energy laboratory at Murdoch University, South Street. 
The feasibility study conducted by the Murdoch intern identified a lack of accurate wind 
data for the site.  Computer modelling was therefore used to determine the wind 
resource at Lark Hill; however, since some level of risk was associated with the data 
predicted for the site, it was determined that monitoring of the site first occur.  Due to 
Council’s drive to obtain a wind turbine, it was proposed that a small wind turbine be 
used as a test for the project and monitor the wind resource without the excessive cost of 
installing a wind monitoring station alone. 
6.2  Background 
A report, generated in 2004 by Murdoch Intern Rebecca Tilbrook and Julie Thorne of 
the City of Rockingham (Tilbrook 2004) proposed the installation of a wind turbine at 
the Lark Hill Regional Sporting Complex.  At the time of the 2004 report, it was 
recommended that a 10-20kW Westwind wind turbine be installed at a location on the 
northern boundary of the site; however since the actual power demand of the site had 
not been measured, it was recommended to delay construction of a wind turbine until a 
portion of the site was constructed so an energy audit could be conducted. 
To assist with the City’s intent to reduce green house gas emissions as indicated at the 
ordinary meeting of April 2000, it was recommended to the Council at the July 2008 
ordinary Council meeting that the Council endorse further investigation into the 
feasibility of siting a wind turbine within the City of Rockingham.  
6.3  Internship Objectives: 
The main objective of the internship was to conduct a technical and financial feasibility 
study that analysed the potential for installing a wind turbine at the Lark Hill Regional 
Sporting Complex.  This study was to provide an indication of the most suitable site to 
place a wind turbine, provide an indication of the wind resource at the turbine site and 
analyse the impact that various wind turbines would have on the reduction of 
greenhouse gas emissions.  In order to achieve the main objective of recommending a 
wind turbine solution to the City, it was necessary to prepare a Council report that  
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presented technical detail and recommendations for consideration by the Council.  This 
report was to be prepared by the intern and reviewed by Council officers. 
The engineering content of the study was to invoke a vast array of power and renewable 
energy research.  The scope of the research was to include an analysis of the power 
demands of motors and lights on the Lark Hill Regional Sporting Complex, a technical 
investigation to research and develop a number of wind models for the various sites, an 
environmental analysis to investigate the impact of the turbine upon local flora and 
fauna, and a technical comparison of wind turbines and their associated towers and 
inverters. 
In summary, the main objectives of the internship that was conducted by the Murdoch 
internship student were: 
•  To provide Council with an indication of the energy consumption of the Lark 
Hill Regional Sporting Complex for both electricity and gas. 
•  To conduct a wind resource assessment of the Lark Hill Sporting Complex using 
the computer program WAsP and use the results of this assessment as a basis for 
the wind turbine feasibility study. 
•  To provide Council with a report that indicated the feasibility of installing a 
small wind turbine within the Lark Hill Regional Sporting Complex. 
•  To provide Council with an indication of the costs associated with various small 
wind turbine installations. 
6.4  The City of Rockingham 
The City of Rockingham was so proclaimed on 12
th November, 1998.  Located some 47 
kilometres south of the Perth central business district, the City of Rockingham is the 
home of about 90,000 residents.  The local government area covers a region spanning 
261 square kilometres that includes residential, light industrial, commercial and rural 
land use.   
“Rockingham is one of the most rapidly growing area’s [sic] in Western Australia”[ 
(City of Rockingham 2008)].  To accommodate such rapid growth, the City has 
developed a Strategic Plan that “focuses on the opportunities of the area’s natural 
beauty, coastal location, relaxed friendly lifestyle, and employment and investment 
potential.” (City of Rockingham 2008)  Within this strategic plan, functional area 3, 
strategy 8.3 states: [ (City of Rockingham 2007)] 
8.3 Implement community and corporate greenhouse gas reduction strategies in 
co-operation with the Southern Metropolitan Regional Council, including: 
•  Cities for Climate Protection Programs 
•  Renewable Energy Initiatives 
This strategy has motivated Council to embark upon this study to investigate the 
feasibility of installing a wind turbine within the City of Rockingham, specifically at the 
Lark Hill Regional Sporting Complex.  
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This project was cloaked under two different divisions within the City’s organisational 
structure.  This project required the knowledge and expertise of the Engineering 
Services and those of Strategic Planning and Environment.  A hierarchical diagram 
depicting the organisational structure can be found in Figure 1. 
 
 
Figure 1 - City of Rockingham Organisational Structure (used with permission) (City of 
Rockingham n.d.) 
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7  Definitions 
 
AGL – Above Ground Level 
 
AHD – Australian Height Datum. 
 
GHG – Green House Gas -  “means carbon dioxide, methane, nitrous oxide, sulphur 
hexafluoride, a perfluorocarbon gas or any other gas prescribed by regulation for this 
definition” (ACT Parliamentary Counsel 2007) 
 
Noise – “the Act to include vibration of any frequency, whether transmitted through air 
or any other physical medium” [EPA, 1997] 
 
Noise Level – the level of noise measured in decibels, or dB.  The terms dB(A) and LA 
mean the noise level measured in decibels with the A-weighting switched in.  The A-
weighting is an electronic weighting network which approximates the frequency 
response of the normal human ear.” [EPA, 1997] 
 
 
    
Page | - 6  
8  Environmental Impact 
8.1  Noise Considerations 
 
Due to the proximity of local sporting fields and equestrian track, consideration to the 
noise impact from a wind turbine sited at the Lark Hill Sporting Complex has been at 
the forefront of the turbine selection process.  To date, a number of issues regarding 
noise have been observed.   
Wind turbine manufacturers have different methods of specifying the noise emitted by 
the wind turbine.  Some are measured at the base of the wind turbine while others have 
readings taken at other distances.  An attempt to categorise them based on 5m and 20m 
distances by WINEUR (WINEUR 2008) was difficult to interpret since noise data has 
not been validated by 3
rd party independent testing agencies and some manufacturers 
failed to enter correct data for the specified fields. 
WINEUR did indicate that vertical axis wind turbines emitted much less noise than an 
equivalent horizontal axis wind turbine; however, the number of vertical axis turbines 
available was far outweighed by their horizontal axis competitors. 
According to DWIA [DWIA, 2003], the level of noise emitted by a wind turbine can be 
controlled through design of the blade and tower.  The main sources of blade noise have 
been attributed to the aerodynamic properties of the blades, the speed of rotation of the 
blades and the design of the blade tip.   
The Department of Environmental Protection (Department of Environmental Protection 
1997) indicate that for noise sensitive areas within 15m of a building must not be 
influenced by a noise in excess of 35dBA plus a 5dBA adjustment.  For other areas such 
as noise sensitive areas more than 15m from the source of noise generation or 
commercial premises this limit is increased to 60dBA whereas a industrial area or utility 
premises the limit is 65dBA.  The area in question has no buildings within 15m and so 
would be classified into the category of a premises >15m from the disturbance source.  
The turbine would therefore need to comply with these limits. 
The DEP regulations indicate how the site should be monitored; however, they do not 
provide information on how to forecast the amount of noise the turbine would emit.   
As well as Australian guidelines for wind turbine noise emissions, international 
standards also exist.  IEC61400-11 specifies the noise standards for wind turbines; 
however, many small wind turbine manufacturers cannot afford to comply with them.  It 
is hoped that some Government support will be given to wind turbine manufacturers to 
assist them in meeting these performance standards. 
8.2  Visual Impact 
Lark Hill Regional Sporting Complex consisted of three club houses, one depot, 
numerous playing fields, an array of roads, an equestrian complex, a heritage trail, an 
imitation homestead, bore pump windmill, and remnant vegetation.  
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A number of options are available to minimise the visual impact of a wind turbine.  The 
power rating of the wind turbine, axis of rotation, number of blades, connection to the 
transmission network, and the type of wind turbine tower that would be used are facets 
that would contribute to the visual impact of the turbine installation. 
The physical size of the wind turbine would be influenced by both its rated power and 
its placement.  The more powerful the wind turbine, the larger the blades and generator 
would need to be to harness the wind energy.  A number of wind turbines have been 
considered in this study that range from 1kW up to 500kW; however, due to the risks 
associated with the higher output turbines, a short list of turbines less than 20kW was 
developed.   
Aerodynamic efficiency of the turbine blades increases dramatically as the tangential 
speed of the blade approaches the speed of sound (Wizelius 2007).  As a result, long 
blades must be slowed sufficiently, through the use of a gearbox and aerodynamic blade 
pitch control.  Slowing the blades not only increases efficiency, but also reduces the 
visual flicker rate, a term used to describe the way the blade flicks past the sun that 
creates a stroboscopic effect.   
Connection of the wind turbine inverter to the distribution and transmission network can 
be achieved by either above or below ground transmission cable.  The wind turbine 
would need to be connected to the Western Power transmission network at the meter 
box, located on the main access road.  Above ground transmission cable, generally 
strung from pole tops often provide a cost efficient solution; however, above ground 
cable would be out of character for Lark Hill Regional Sporting Complex since all other 
cabling is underground.   
 
8.3  Carbon Offset 
 
An energy audit of one of the lots at Lark Hill Sporting Complex was conducted to 
determine the carbon footprint and energy used by the site.  Data from Synergy was 
used to determine the amount of carbon produced by the lot.  It was expected that the 
wind turbine would offset some of the power demand from the grid for this particular 
lot.   
In the energy audit, a comparison of various green energy and natural power options 
was made with respect to cost variance and amount of greenhouse gas offset.  The 
options considered various percentages of natural power ranging from 100% natural 
power right through to a $10 donation per bill to alternative energy technologies. 
The key findings were that the site consumed a total of 674kWh of energy comprised of 
19.1% gas and the remainder electricity.  This was equivalent to 69.6 tons of CO2 
emitted by the operations at the complex for the 190 days from 12/12/2007 to 
19/6/2008.  It was also forecast that this consumption would increase exponentially; 
however there is some doubt to the point at which consumption would peak.  
Page | - 8  
The main recommendations to reduce the carbon footprint of the site included a 
conversion to natural power (an investment paid to Synergy in return for the provision 
of renewable energy), the installation of a wind turbine or a combination of these.   
Council adoption of combinations of these recommendations would enable zero carbon 
emissions from the site and therefore a combination of natural power and a wind turbine 
were recommended. 
8.4  Flora and Fauna 
The sites selected for the wind turbine have not been nominated as a part of the 
protected wetlands area and as such are available for development.   
The area has limited flora and fauna upon it due to previous earth works; however a 
document produced by the City entitled, “Environmental management plan – Lark Hill 
regional sporting complex” (City of Rockingham 2005) indicated that a number of 
species of flora existed on the western side of the complex, near the proposed site, along 
with the likelihood of the Southern Brown Bandicoot (Isoodon Obesulus). 
During a site visit, rabbits and their droppings, and low lying vegetation that covered 
large sand dunes were the main indicators of flora and fauna. 
It was later discovered that a wind turbine was not a part of the initial planning scheme 
of the site and so as a part of the future work of this project, an application to include 
the turbine in the Lark Hill Regional Sporting Complex management plan has been 
proposed. 
Development of the site has already been planned.  Damage to the flora and fauna of the 
region would likely occur mainly as a result of earthworks to the stage 2 Lark Hill 
development.  Nevertheless, it would be important that a wind turbine installation 
conformed to the Lark Hill Regional Sporting Complex management plan and any 
amendments that are required following approval of the turbine on site.   
Placement of the wind turbine on the site described as the SW site   
(see Section 13) would be the least invasive since this area would be entirely changed 
following earthworks for the development of the stage 1 and stage 2 link road. 
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9  Energy Audit and Feasibility Study 
 
9.1  Overview 
 
An energy audit was conducted at the Lark Hill Regional Sporting Complex to analyse 
the amount of energy used by the site.  The analysis was used to determine how much of 
this energy could be offset by the installation of a wind turbine. 
Lark Hill Regional Sporting Complex was divided into 4 different lots, and thus 4 
different metered accounts exist with Synergy and Western Power.  The proposed site 
and proposed option to grid connect the project to one of the meters dictated the need 
for the energy audit to be conducted on the closest lot to the turbine site.   
The energy audit discovered many good practices within the new facility including: 
energy efficient light bulbs, motion sensors in nearly every area and an energy efficient 
building design.  Where possible, recommendations were made and are included in the 
body of the report.  The full report can be found in Section 25 - Appendix VI– Energy 
Audit: Lark Hill Regional Sporting Complex.   
 
Once the energy demand of the site had been determined (673.6kWh per day), an 
appropriate sized wind turbine project was embarked upon.  The wind assessment was 
the next step in the process which required the use of the WAsP software programme 
for wind climate analysis.  Unfortunately data related to the turbine coefficient curves 
was not available on the various turbines assessed and so WAsP was not able to 
accurately determine the performance of a particular wind turbine at a given site.  It was 
possible to use other means to better compare turbines based on the wind climates 
determined by WAsP.  The WAsP projects can be found in the electronic attachment 
under the WAsP folder. 
RETScreen v4 was used to organise the feasibility study and predict the cost of different 
wind turbine projects.  Each wind turbine considered was given its own individual 
assessment in RETScreen v4.  Power curve and other technical data were required for 
RETScreen to produce an accurate assessment of the cost and payback time. To 
improve the accuracy of the data, the wind profile obtained from WAsP was used in the 
RETScreen analysis.  A number of wind turbines were analysed in RETScreen; 
however only six of them were short listed as feasible due to constraints imposed by 
their availability within Australia, and also budget constraints.  RETScreen projects 
have been included in the electronic attachment under the RETScreen folder.  Results 
for a short-list of wind turbines can be found in Section 22.2 Wind Turbine Results.  For 
a larger summary of the data, an excel spreadsheet can be found on the attached CD 
under Excel Files > Wind Turbine Profiles.xls. 
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10 Wind Assessment 
 
The computer wind profiling software programme called WAsP (Wind Atlas Analysis 
and Application Program) was provided by Murdoch University, for use in this project.  
This software package enables the user to construct a wind atlas using data from a 
remote monitoring station provided sufficient modelling data including terrain and 
obstacles are provided. 
Meteorological data taken at hourly intervals for the previous ten years was sourced 
from the Bureau of Meteorology for Mandurah and Garden Island automatic weather 
stations (AWS) while additional data was obtained from the Kwinana Industries 
Council (KIC) for wind data for Kwinana.  Additional topographic data was obtained 
from Landgate by the City for use in the WAsP model.  Although it was initially 
intended to obtain data from Naragebup Rockingham Regional Environment Centre 
(Inc), no records of wind speed or direction could be found. 
Further information on surface roughness was manually entered into WAsP using 
roughness roses after analysis of aerial photos and a visual terminal chart.  Aerial 
photography was obtained from Google maps and the Intra-maps application available 
to the City of Rockingham. 
The WAsP models indicated that a wind resource with an average wind speed of 4.88 – 
7.83 m/s (extracted from Table 11, in Section 21.5.1) existed above the proposed site 
from 10m – 30m AGL.  Wind speeds increased with altitude as expected; however one 
data point did seem slightly spurious further adding to a large variance in the values. 
Full details of the wind assessment can be found in Section 21: Appendix II – WAsP – 
Electronic Wind Resource Assessment 
10.1 Meteorological Data 
Data provided by the Bureau of Meteorology was collected in hourly intervals over the 
past ten years.  The hourly data comprised of the average wind speed and direction.  
Both averages were taken over the period ten minutes prior to the sample time.  The 
hourly standard is recorded primarily for aviation purposes (Blockley 2008) by the 
BOM, whereas three hourly data must pass quality assurance as required by the Global 
Meteorological Organisation [GMO].   
Some of the data that was imported from the Bureau was erroneous; however, to 
improve the integrity of the readings, suspect data was removed from the model by 
WAsP.  This was done by cropping any wind speed data that was greater than 90m/s 
and any data that was flagged as corrupt. 
The more reliable three hourly sampled data set could be obtained by the BOM for 
increased accuracy and be used in this study; however, by filtering the data as discussed, 
a similar level of accuracy to the three hourly data was expected.  
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Accuracy and Maintenance data provided by the BOM indicated that the wind vane on 
the Automatic Weather Station [AWS] at Garden Island was within ±1.7º and wind 
speed faired “ok”; however, no description was provided of the definition of this 
annotation..  The only exceptions were on 14/11/2001 when a rusted grub screw 
required the replacement of the wind cups and between 9/3/06 and 15/6/06 when the 
wind vane seized on 130 degrees true due to corrosion.   
Accuracy of the AWS data for Mandurah indicated the wind speed data fell within 4% 
of the mean and wind direction within ±7º.  A problem existed with the wind speed 
measurement apparatus in December, 2004 that required subsequent replacement of the 
anemometer cups due to galvanic corrosion as well as oxidisation. (BOM 2008) 
It is not without reason that the data could be erroneous.  Details from the maintenance 
log indicated regular spurious rainfall that was investigated and attributed to sprinklers 
attended to by local staff.  Since the data has been taken over a period of ten years, 
small variations in the data for short periods of time would have a minimal effect on the 
final wind resource prediction for the Lark Hill wind turbine site.   
Accuracy of the Kwinana Industries Council data was not provided.  Data from the KIC 
is provided to the industries surrounding the station.  The data does not get used by 
Aviation users, nor does it make up a part of the World Meteorological Organisation’s 
database and therefore may not need to be as strict with their data. 
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11 Turbine Selection 
For this study, wind turbine sizes from 1kW to 500kW wind turbines were considered.  
The majority of technical information was sourced from the Catalogue of European 
Urban Wind Turbine Manufacturers (WINEUR 2008).  It was desired to encompass as 
many small to medium wind turbines in this study as possible so that the most suitable 
could be selected.   
One of Tilbrook’s (Tilbrook 2004) recommendations for the Lark Hill Sporting 
Complex site was to install a wind turbine from an Australian company.  At the time, it 
was intended that a Westwind turbine would be chosen; however, this company was 
taken over by a European company who have subsequently ceased exporting the 
Westwind range to Australia [Outback Energy, telephone conversation, September 15
th, 
2008].  As such, the Westwind range has not been included in this study. 
Turbines were compared on their rated power, power curves, noise emission, cost, 
carbon offset, environmental impact and their suitability to harness the available wind 
resource.  Unfortunately, a number of the investigated wind turbines were either no 
longer in production or were unable to be produced on the scale required by the City 
[Fuhrlaender, personal email, September, 29
th, 2008]. 
An offer made by Megasun to provide Proven wind turbines at reduced cost stimulated 
the investigation into turbines with similar power ratings to compare them with.  Proven 
produce three wind turbines available for the urban market: the 2.5kW, 6kW and 15kW 
units.  A comparison of turbines less than 5kW, 5-10kW and 10-20kW was initially 
undertaken; however larger wind turbines greater than 20kW were included so as to 
ensure the best solution would be provided to Council.  The turbines considered were 
manufactured by companies in Europe, Australia, China and the United States of 
America.   
The main Australian wind turbines that have been investigated in this report include the 
Aerogenesis 5kW, Soma 1kW, and the Hush wind turbines.  Email correspondence with 
Aerogenesis (Aerogenesis 2008) indicated that that they would not able to produce a 
commercial version of their wind turbine until early 2009 whereas telephone 
conversations with the manufacturers of Soma and Hush (Glass 2008) were able to 
provide their products on request.   
The biggest issue with the Hush wind turbine was its rather unusual power curve and its 
unusually large number of blades that may hinder airflow [J. Whale, 2008]; however Dr 
Jonathan Whale of Murdoch University indicated that such a design may have fewer 
asymmetric balance and vibration issues than two or three blade alternatives. 
A number of US, European and Asian wind turbines were also considered; however a 
number of them were unable to be supplied to Australia.  A short list of possible wind 
turbines was then compiled which included the Proven 2.5kW, 6kW and 15kW, the 
Southwest Windpower 3kW, the Zephyr 1kW, the Entegrity Wind 50kW, Iskra 5kW 
and the Wind Flow 500kW.  Full details can be found in Section 22 Appendix III – 
Wind Turbine Analysis and in the RETScreen files on the attached CD.  
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11.1 Noise Considerations 
The proximity of the wind turbine site to the equestrian centre and sports fields was 
deemed to be distant enough to have minimal impact on these activities.  This was based 
on the assumption that the site could be noise sensitive and would need to ensure the 
turbine would not produce more than 35dBA +5dbA at the noise sensitive equestrian 
centre some 420m away.  A larger wind turbine that could produce in excess of 100dBA 
would require additional analysis with respect to noise to ensure it complied with noise 
regulations. 
Of the chosen wind turbines, the Hush wind turbine indicated ‘noiseless’ operation; 
however, this claim was based on wind tunnel tests rather than field tests.  Some noise 
would be expected from this turbine but has been claimed by the manufacturer to be less 
than the ambient 35dBA threshold. 
Data on the noise emitted by each turbine was researched, and when available, was 
entered into the wind turbine spreadsheet for comparison.  It was recommended to 
Council that the selected wind turbine conform to national performance, safety and 
noise standards.  The spreadsheet used to compare the wind turbines can be found in the 
Excel folder on the electronic attachment in the file entitled “Wind Turbine 
Profiles.xls”. 
Although brief, the spreadsheet formerly mentioned was build from data from 
manufacturers.  Variations in standards and lack of precise measurement caused much 
doubt among the validity of the recorded data.  Generally, the larger horizontal axis 
wind turbines generated more noise while the smaller turbines generated less noise.  
Vertical axis wind turbines appeared to boast low noise output, but with little solid data, 
this was difficult to prove.  The Hush wind turbine was the only horizontal axis wind 
turbine to advertise its product as, “noiseless” (Glass 2008). 
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12 Tower Selection 
There are three main types of wind turbine tower, each with their own benefits and 
disadvantages.  A brief overview of them have been listed later in this section of the 
report.  Each wind turbine manufacturer generally certifies a specific tower to 
accompany a particular wind turbine.  Turbine manufacturers also advertise turbine 
towers of different heights and types so as to better accommodate their product to 
various markets. 
DWIA indicate that, “the price of a tower for a wind turbine is generally around 20 per 
cent of the turbine” [DWIA, 2003].  Siting the turbine in the correction position is also 
beneficial since the cost of increasing the height of the mast can result in a substantial 
increase in the cost of the project.  “10m extra tower will presently cost you about 
15000USD” [DWIA, 2003]; however, the size of turbine this related to was not detailed.  
The extra height obtained by a larger tower will enable the turbine to experience a faster 
moving air mass due to the wind being less hindered by surface friction. 
The type and size of the turbine needs to be analysed against the amount of force that is 
expected to be experienced.  The force imparted on the wind turbine by the wind must 
be supported by the tower.  Guy-stabilised towers can offset some of this force by 
transferring it through its high-tensile cables while other tower designs must be able to 
support the turning moment through their entire length. 
 
12.1 Tubular Steel Towers 
Tubular steel towers are most common on large wind turbine installations due to their 
large strength and high level of safety.  The diameter of the base is often greater than at 
the top of the tower to accommodate the moment imposed by the wind turbine.  The 
advantage of the tubular design is the large strength and modular design that allows a 
number of tubes to be transported and assembled on site.  The main disadvantages of the 
tubular steel tower design are the large amount of steel that is required and thus their 
weight, and the inefficiency and noise generated by the passage of the turbine blade past 
the tower. [DWIA, 2003] 
 
12.2 Lattice Towers 
Lattice towers are the type of tower common to older bore pump installations.  They 
require half as much steel as their tubular competitors; however, they lack security and 
have more visual impact.  The lattice tower can be easily climbed and so would require 
additional fencing to maintain integrity.  The main benefit of the lattice tower is that the 
tower and blade create less interference and thus result in greater efficiency and less 
noise. [DWIA, 2003].  Trespassing by climbers and avian wildlife who might perch on 
the towers can get swept into the rotor and are the two main hazards associated with 
lattice towers  
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12.3 Guyed Pole Towers 
Guys attached to small wind turbine poles can assist in reducing the amount of material 
used in the tower and thus reduce its cost.  Their tensile design ensures flexibility to 
which results in a reduction of wind loading.  These types of towers; however, do 
require a large ground area for the guy-ground attachment.  According to DWIA, the 
guy-wires are prone to vandalism which can reduce the safety of the installation 
[DWIA, 2003]. 
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13 Site Selection 
Lark Hill Regional Sporting Complex was selected as a possible site for the installation 
of a wind turbine by Rebecca Tilbrook as identified in the recommendations of her 
project report (Tilbrook 2004).  A significant part of the wind turbine project for 
Council was the educational benefit that it would play within the community.  The 
educational component would also provide access to apply for a SEDO grant.  The 
proximity of the wind turbine to the public sports fields and Warnbro Sound Ave would 
provide an excellent opportunity for the local community to see wind power generation.   
The exact site proposed by Tilbrook within the Lark Hill Regional Sporting Complex 
has now been identified at the Northern end of the stage 2 development.  This area, 
bounded to the north by a bush-forever site, to the east and south by football fields and 
to the west by wetlands and high dunes, was not considered as a possible location in this 
study as other, more feasible options were considered that conformed to the master plan 
for the Lark Hill Regional Sporting Complex.   
Gary Rogers, the project manager for the Lark Hill Regional Sporting Complex 
development, indicated an area that would be suitable based on the master plan of the 
complex.  This area, located between the stage 1 and 2 developments was located on the 
eastern side of a protected wetland surrounded by large dunes.  This site was 
extensively investigated and two suitable sites were identified.  The SW site was 
determined to be the more suitable site for a small, domestic wind turbine whereas the 
SE site was recommended to be a suitable site for a larger turbine based on the 
extensive amount of land available in that location.  
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Table 1 - Advantages and Disadvantages of SW and SE sites 
  Advantages Disadvantages 
SE  •  Flat and developable 
Surface 
•  Large enough area fit for 
future expansion 
•  Surrounding area 
conducive to 
maintenance. 
•  Turbulent airflow from 
nearby sand dunes 
•  Wind flow disturbed by 
indoor cricket centre 
•  High tower required 
•  Vast earthworks may 
be required 
•  High risk of vandalism 
•  Noise emissions closer 
to noise sensitive areas. 
SW  •  Higher than SE Site 
•  Clear of large obstacles 
except for southern 
sector 
•  Close to meter requiring 
less cabling 
•  Current development 
has not specified extent 
of land clearing 
•  Project may be delayed 
to coincide with stage 2 
development 
•  Turbulent airflow over 
caretaker’s premises. 
 
 
13.2 Community Involvement 
The location of the wind turbine may require some form of consultation with the 
residents and users of the local sporting facilities who may be affected by the 
development.  At the time of going to press, community involvement was being 
considered; however, nothing formal had been arranged. 
Displaying live data of the output of the wind turbine at the site was expected to be 
worthless since few people would visit the turbine to see the data.  Instead, the real-time 
data of power produced, wind speed and direction could be displayed on the 
Rockingham Portal (Rockingham Portal 2008).  This would enable the Rockingham 
community to be involved in the wind turbine project as they would be able to logon to 
the website and analyse the performance of the installation.  It may even be useful to 
assist the community in deciding upon the suitability of installing a domestic wind 
turbine on their property. 
Many of the inverters that are compatible with the available wind turbines contained 
within this report are able to communicate with a piece of web-hosting hardware.  Other 
inverters would need an interface such as the WEBRAPS system used by the Research 
Institute for Sustainable Energy at Murdoch University.  
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The forum section of the Rockingham Portal would also provide a place to monitor 
community interest in the project prior to its establishment.  Further from this it would 
also be useful to monitor the forum post installation to analyse community acceptance 
of wind turbines for future projects. 
The Rockingham Portal would not be the only form of community consultation.  It 
would be appropriate to hold a seminar on the installation of the turbine and host it at 
the site.  The local newspaper would also be considered as a forum to conduct 
advertising and consultation. 
Many other wind turbine installations have a live web camera feed available on their 
website so that the community can see the influence of the wind on the wind turbine and 
also to improve the security of the site (Air Dolphin 2008).  Such a feed would be 
desirable so as to add educational value to the wind turbine project. 
It is the intention of Council to open public comment on the wind turbine for the 
purpose of inviting a forum of discussion for the development of an urban wind turbine 
building policy.  The City of Rockingham, along with many other local government 
organisations does not have a policy that governs the installation of an urban wind 
turbine.  This has made it difficult for urban wind turbine manufacturers in Australia 
since there are very few guidelines that would ensure approval of their designs. 
13.3 Educational Benefit 
It was recommended to Council that the site be utilised for its educational benefit to the 
residents of the City of Rockingham.  It was desired that wind direction, wind speed and 
power generated would be measured and recorded.  This data would then be posted 
regularly on a Rockingham website such as the Rockingham Portal  (Rockingham Portal 
2008). 
Static displays at the base of the turbine were also recommended to Council.  These 
displays would enhance the awareness of the wind turbine project and could be used to 
provide educational information on the benefits of sustainable energy. 
Providing an element of educational information to the project may qualify it for a 
SEDO grant.  These grants have previously been offered twice yearly in February and 
August. 
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14 Grid Connection 
Wind power can only be generated when the wind is blowing sufficiently to allow the 
wind turbine generator to spin.   
A regulator can be used to control the quality of power exported to the grid when the 
turbine is spinning.  Such regulation can be in the form of a boost converter to step up 
the voltage of the generator to match the grid.  An inverter would then be required to 
ensure the frequency of the generator would match the frequency of the grid. 
Other, low powered wind turbines that do not have complex power conditioners are 
often used to charge batteries that in turn can be used to drive loads or export to the 
grid.  Such a setup would be common to the remote area power systems that are stand 
alone and thus not grid connected. 
Council desired that the wind turbine offset some of the power drawn by Lark Hill 
Regional Sporting Complex.  In order to ensure that no generated power was wasted, it 
was determined that grid connection would enable the turbine to offset the power when 
loads on site were in use and able to continue to be useful when few loads existed by 
assisting the Western Power South West Interconnected Network (SWIN). 
The effect of wind power on the grid has been described by Wizelius (Wizelius 2007) as 
more of a hindrance than an asset since the output cannot be controlled but acts more 
like a varying load than a reliable power supply.  Wizelius also notes that variations in 
wind power must be compensated by fast response power sources such as hydropower 
or gas turbines and “as long as the share of wind power is below 10 per cent of the total 
power production this is no problem.” 
Western Power therefore needs to ensure that it has enough capacity produced by Coal 
and natural gas generation to support a 10% stake of wind power.  It is unknown how 
much power on the SWIN is produced from wind power due to the deregulation of the 
power industry (Tiedman 2008), but Western Power has stated on its website that 
domestic wind turbines are limited to 5kW per phase (Western Power 2007).  This is 
also supported by Synergy who has provided a buy-back scheme for renewable energy 
approved by Western Power under this limitation.  Formal application through Western 
Power and Synergy to register the site as a small power station would allow Council to 
enter negotiation into the actual amount of power that could be exported to the grid.  
Formal application would also need to be conducted for a turbine greater than 5kW. 
Another limitation facing this location is the capacity of the power lines that service the 
site.  According to Wiezelius (Wizelius 2007) wind turbines need to have their voltage 
stepped up to grid voltage but, “grid connection capacity increases with the square of 
the voltage level.”  Therefore as a general rule, for the Swedish power system, a 10kV 
line can accept a maximum capacity of up to 2MW (Wizelius 2007).  Transformers and 
higher voltage lines would be required.  The transformer that is on site at Lark Hill 
Regional Sporting Complex is rated at 22kV indicating that the maximum capacity that 
could be placed on site could be up to 18MW (Wizelius 2007) which is more than 
enough to cover the intended project.  
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15 Project Options 
It is proposed that the project be sited at one of two locations located between the stage 
1 and stage 2 developments.  The project would see the turbine connected to the grid so 
that it would provide power to the grid when few loads existed and supplement the grid 
if a load were to be applied. 
Four turbines have been proposed for selection, two small domestic wind turbines and 
two larger turbines.  All can be grid connected; however, only two of them have been 
sourced from Australian companies.   
Based on the wind resource and the author’s interest to develop the Australian wind 
industry, the SW site and the Aerogenesis 5kW wind turbine were recommended. 
These recommendations were summarised and presented to Council in the November 
Council Meeting.  Full details of the recommendations given to Council can be found in 
Section 26 Appendix VII – November Council Item (DRAFT). 
15.1.1 Project site: 
 
Two possible sites were identified by the site analysis.  One was on the south eastern 
(SE) side of a protected wetland area while the other was situated to the south western 
(SW) side of this area. 
The SW site would experience a less turbulent airflow from the south, south west and 
south east, which were identified in section 21.5.2 to be the regions where the wind was 
most likely to blow from. 
The main obstacle that would hinder airflow to the turbine for the SW site would be the 
caretaker’s building.  The size of this building would be smaller than the proposed size 
of the indoor cricket centre. 
The SW site would be clearly visible from Warnbro Sound Avenue and would be close 
to the meter.  It would also be integrated with the link between the Lark Hill Regional 
Sporting Complex stage 1 and stage 2 developments.  The proposed site would see the 
tower able to be raised and lowered within the gap between these two access paths and 
would also allow the link road to be used by the tow vehicle. 
Resistance to vandalism would also be improved by siting the turbine at the SW site 
since it is further from playing fields, would less likely be used as target practice and 
would be visible by the public travelling along Warnbro Sound Ave.  The opposite case 
would be attributed to the SE site.  Despite the location, it is intended that security 
fencing surround the wind turbine installation to protect both the turbine and the public. 
The WAsP model indicated that the SE site would provide higher wind speeds for 
turbine hub heights up to 15m AGL.  Beyond 15m, the SW site proved to be a more 
beneficial site.  This may be due to the close proximity of the SW site to the caretaker’s 
building.  
Page | - 23  
The SE site would provide a large area for the wind turbine and thus allow for easy 
expansion of the project if more turbines become desirable in the future.  The SE site 
would be clearly visible from the proposed footpath that would link stage 1 and stage 2 
developments on the eastern boundary.  This SE site would also be located closer to the 
equestrian complex that may have concerns as to the noise emitted by the turbine.   
Since a vast area would be available for the wind turbine from the SE site, and the 
likelihood that pedestrians would use the footpath, the SE site would support the 
placement of educational material that would assist with the application of a SEDO 
grant. 
15.1.2 Wind Turbine Selection 
A number of wind turbines were analysed; however only a few were short listed for 
inclusion in this report.  They include: 
•  Proven 2.5kW 
•  Proven 6kW 
•  Proven 15kW 
•  Aerogenesis 5kW 
•  Southwest 3kW  
•  Hush 5.5m diameter (18kW – unverified) 
The recommendations outlined in section 22.4 of this report detail the advantages and 
disadvantages of each option. 
It is recommended that the Proven 6kW or Aerogenesis 5kW turbine be selected for a 
small wind turbine installation while the Proven 15kW or Hush 5.5m diameter wind 
turbine be selected for a slightly larger turbine installation.  If Council elect to open the 
project to tender, it would not be possible to consider only one turbine.  Therefore, for 
tender, it is recommended to consider the design and construction of a small wind 
turbine (<100kW) so as to confirm the wind resource prior to future installations. 
The Aerogenesis 5kW and Hush 5.5m diameter turbines are both designed by 
Australian companies.  It was recommended by Tilbrook in her report (Tilbrook 2004) 
that an Australian wind turbine be chosen in the range of 10-20kW; however until an 
actual wind profile has been measured on site, it is recommended to minimise the 
project cost to minimise possible financial losses.   
Murdoch University have expressed interest in the project whereby they would be 
allowed access to the data of the wind turbine to conduct analyses similar to this report 
and also use the power data to confirm manufacturer’s power curve data. 
The main limitation on the investigated Australian wind turbine companies is that they 
are new companies and there are few demonstrations sites to prove the performances of 
the turbines.  The Hush wind turbine company has had only one test case with the Hume 
City Council, Aerogenesis has had over 15 years of testing of its blades; however the 
full turbine unit is a new product for them.  In contrast, Proven has been in operation  
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since the early 1980s and have a known, tested and successful track record over this 
period.   
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16 Future Work 
The outcome of the November Council Meeting will provide a direction for the future 
of the wind turbine project.  The Council have been asked to accept the 
recommendations of the feasibility study which were to install a wind turbine at the 
Lark Hill Regional Sporting Complex and to accept the recommendation of siting the 
turbine at the south western site. 
Once Council has approved the recommendations, it would be necessary to confirm 
with the department for planning and infrastructure that the current development 
application allows for the installation of a wind turbine.  Feedback from the DPI may 
require a formal application that showed the actual development and future proposals 
for more wind turbines.  Application for the vision of having a site with many turbines 
providing the required power to the site would prevent the need to apply again when 
more turbines are desired.  It would also confirm the ability to carry out the vision at 
this location. 
A tender document containing the tender process and project specifications would need 
to be developed.  The Council report has been structured so that it does not support a 
particular turbine and by opening the project to tender would allow an equal playing 
field for all contenders.  It would also provide Australian manufacturers such as Hush 
and Aerogenesis with an avenue to compete fairly to have their products installed. 
The tender would be for the design and construction of the turbine installation on site.  
This report would be made available to all parties interested in applying for the tender.  
The tender document would also need to specify the requirements of the wind turbine in 
terms of its desired production and ability to harness the available wind resource.  It is 
estimated that this tender document be drafted by the Murdoch intern during mid 
November to be ready for release following the November 25
th council meeting. 
Community consultation would be necessary.  This was proposed in the body of this 
report; however, since a particular wind turbine was not selected by Council at the time 
of writing this report, community consultation would be better conducted once the 
proposal was accepted by Council.  Councils including the Shire of Merredin invited the 
contractor of a wind turbine project they are considering to a public day hosted by the 
Shire to discuss issues with their residents.  The outcome of this was described by John 
Mitchell as quite productive with opposition only from a few land holders who felt they 
were not adequately compensated for the loss of land at the base of the towers (Mitchell 
2008). 
A partnership between Murdoch University and the City of Rockingham was discussed 
with Dr Jonathan Whale on 6
th November, 2008.  The intention of the partnership was 
that data produced by the wind turbine be made available to the students of Murdoch 
University who would use the data to confirm the manufacturer’s specifications and the 
City of Rockingham would benefit from having regular analysis of their wind resource 
monitored by the University.  This agreement would need to be formalised in writing; 
however following the meeting, this process would be a formality rather than an 
application.  
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Once a tender has been selected, installation would need to be in consultation with Gary 
Rogers, project manager of the Lark Hill Regional Sporting Complex.  It may be 
beneficial to time the earth works for the SW site to coincide with the link road between 
stage 1 and 2 developments.  This would ensure that the road works would not interfere 
with the wind turbine installation, but rather partnership with them to ensure the 
integrity of the foundations.   
Finally, development of educational material and web hosting of the power data would 
be required.  Erection of the static displays and development of security fencing may 
also be required.  Further consultation with Gary Rogers would be required to determine 
the most suitable position and size of these additions. 
A minor project that was left unfinished by the Murdoch intern was the rectification 
problems associated with the Naragebup, Rockingham Regional Environment Centre’s 
wind turbine data logger.  This system was setup by Graeme Cole of Murdoch 
University, but had no means of logging wind speed or wind direction from the pole 
mounted anemometer.  It was discovered that this information was not being monitored 
by the data logger.  RREC also desired to have the computer display information that 
was of interest to the general public on the front panel.  At the time of writing this 
report, the data only presented raw data.  Calibration of this data for display on the front 
panel graph was desired by RREC. 
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17 Conclusion 
The main objective of this report was to ‘conduct a technical and financial feasibility 
study that analysed the wind resource at the Lark Hill Regional Sporting Complex’.  
The purpose of this study was to assist Council achieve its Strategic Plan under Strategy 
8: to “Introduce a comprehensive range of initiatives to manage the natural 
environment” (City of Rockingham 2007).  This report also followed on from the work 
of Tilbrook and Stanford who indicated that the Lark Hill site should be further 
investigated as a site for a wind turbine installation. 
The investigation reported herein concluded that the wind resource within the Lark Hill 
Regional Sporting Complex was suitable for a domestic wind turbine and would be able 
to accommodate a wind turbine of up to 20kW in a grid connected installation.  A 
number of sites were investigated within the Sporting Complex; however, only two 
were deemed suitable on the basis of terrain, roughness, obstacles, and proposed future 
developments. 
Provision was made for future development that separated the pilot project from 
additional turbines that could be installed following the confirmation of the wind 
resource above the Lark Hill Regional Sporting Complex site. 
During the study, a number of issues were raised within Council that were identified to 
be deficient.  These included: a lack of planning guidelines for the domestic installation 
of wind turbines, and a lack of expertise within Council to manage such projects.  As a 
result, planning guidelines would need to be developed as domestic demand increased 
within the City and it was determined that contracting the installation and maintenance 
of the turbine out to experienced companies would be utilised. 
In order to conduct the wind turbine feasibility study, an energy audit of the site was 
conducted.  This study revealed an energy consumption for the site of approximately 
362.23kWh/day.  A mathematical prediction indicated this energy consumption could 
rise to as much as 1600kWh/day within a year.  Such growth could only increase the 
current production of green house gas emissions from the present 366.43kg of CO2 
emitted by the site each day.  The installation of a wind turbine in combination with a 
natural power balance could enable the site to be green house gas neutral. 
The work and report of the Murdoch intern has established a firm basis upon which 
Council can use to progress with the construction of a wind turbine project.  The future 
of the project will be redirected in the November, 2008 general Council meeting; 
however, due to the amount of previous interest in the project, the outcome is predicted 
to be fruitful.  At the writing of this document, a tender document was being drafted by 
the Murdoch intern that would dictate the specifications of the wind turbine project.  
More work on the specifics of the installation would also be determined and 
documented in the tender document. 
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18 Recommendations 
 
A number of recommendations have been made as a result of the study into the 
feasibility of siting a wind turbine at the Lark Hill Regional Sporting Complex.  These 
recommendations have been listed below: 
 
It is recommended that Council take the following action: 
 
1.  Accept the feasibility study as an indication of the wind resource and costs 
associated with the Lark Hill Regional Sporting Complex; 
2.  Purchase and install a small wind turbine (2-20kW) for the Lark Hill Regional 
Sporting Complex to monitor the wind resource for a minimum of two years to 
confirm the data contained herein. 
3.  Site the small wind turbine at the SW site. 
4.  Provide security fencing around the base of the turbine installation. 
5.  Produce educational material for the wind turbine; 
6.  Apply for a SEDO grant to assist with the costs of the project. 
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20 Appendix I – GAANT Chart 
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Figure 4 - GAANT Chart for Wind Turbine Project Progress 
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21 Appendix II – WAsP – Electronic Wind Resource Assessment 
 
The computer package, WAsP version 9.00.0148 was used to predict the wind profile at 
Lark Hill Regional Sporting Complex.  Three different projects were considered based 
on data provided by the Bureau of Meteorology and the Kwinana Industries Council.  
The three sets of data were based on three positions: 
•  Kwinana Industries Council Meteorological Station (32°12’38.5”S 
115°47’19.5”E) 
•  BoM Garden Island Meteorological Station (32.2433°S 115.6839°E) 
•  BoM Mandurah Meteorological Station (32.5219°S 115.7119°E) 
The proposed site location was determined by a site visit with a GPS and verified with 
the use of an aviation standard navigation chart (Airservices Australia Publications 
Centre 2008). 
 
21.1 Vector Map 
A vector map was imported to WAsP from a .dxf file obtained from Landgate.  This file 
contained topographical information on the terrain from Kwinana in the north to 
Mandurah in the south, and from Garden Island in the west to Jandakot in the east.  
The data was formatted into heights based on latitude and longitude to the WGS 1984 
datum.  This projection was not easily compatible with WAsP and so it was necessary to 
transform the projection from this Geographical standard to the Global projection 
standard known as UTM projection [Global] (Universal Transverse Mercator).   
Conversion of the data was performed using the transformation tool in the WAsP map 
editor, whereas all other latitude and longitude data for the meteorological stations were 
converted using an Excel spreadsheet designed by Steve Dutch of the University of 
Wisconsin-Green Bay, updated 19 April, 2005 (Dutch 2005). 
Roughness was not included in the data provided by Landgate and therefore did not 
appear in the Vector map.  Instead a roughness rose was generated in WAsP. 
  
Figure 5 s
map editor
 
21.2 Win
Once the t
each.  The
the data pr
Both KIC
have been
failure.  T
Excel to re
The OWC
For each d
organised 
The data s
WAsP pro
The follow
hows the co
r. 
nd Atlas 
three projec
e wind data
rovided by K
C and the B
n recorded 
To remove 
emove blan
C Wizard w
data set, 16
into conven
sets were th
ojects. 
wing data w
ontour data 
 
cts had been
a was impo
KIC and the
oM advised
in error es
this errone
nk lines and 
was used to 
6 data bins 
ntional navi
hen saved a
was extracted
F
provided by
n created, w
rted in com
e Bureau of
d that some
specially in
eous data, t
spurious da
produce th
were used.
igational sec
and opened 
d from the w
Figure 5 - Vec
y Landgate 
wind atlases
mma separat
f Meteorolo
e data may 
n times of 
the CSV fil
ata. 
e data requ
  This allow
ctors: N, NN
as new win
wind resour
P
 
ctor Map (Da
that was im
were requi
ted values f
ogy. 
not have b
maintenanc
les were fis
uired for eac
wed for the
NE, NE, EN
nd station d
rces: 
Page |Appe
ata Courtesy 
mported into
ired to be pr
file format 
been recorde
ce or upon 
st edited in
ch of the m
e wind data
NE, E… etc
data in their
endix II - 34
of Landgate)
o the WAsP
roduced for
(.csv) from
ed or could
equipment
n Microsoft
met-stations.
a bins to be
c.   
r respective
4  
) 
P 
r 
m 
d 
t 
t 
.  
e 
e  
Page |Appendix II - 35  
 
Table 2 - Table 1- Statistics from the Observed Wind Climate feature of WAsP 10m height. 
Location  Weibull-A  Weibull-k  Mean Speed  Power Density 
Kwinana  4.0m/s 2.01  3.52m/s  51W/m
2 
Garden Island  7.0m/s 2.28  6.24m/s  253W/m
2 
Mandurah  6.0m/s 2.22  5.30m/s  158W/m
2 
 
21.3 Surface Roughness 
Once the observed wind climate data and vector map had been entered into WAsP, it 
was possible to create the roughness roses.  These were required since roughness data 
was not included in the topographic data provided by Landgate. 
To determine surface roughness, a 16-sector rose was used as it then became compatible 
with the 16-sector wind rose used in the observed wind climate. 
A 16-sector rose was placed over a satellite image from Google Maps (Google 2008) 
centred on each of the meteorological stations.  An analysis was then conducted that 
analysed where the surface terrain appeared to change.  To better appreciate the surface 
roughness, Intramaps (Map Info Corp 2006) aerial data 2008 was used as this provided 
a much greater level of detail than Google. 
The sections of the sectors of the roughness rose were then classified into roughness 
length as detailed in the WAsP help file, reproduced in Table 3. 
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Once classification was complete, the roughness roses were entered into their respective 
WAsP projects to enable a more accurate prediction of the wind profile at the Lark Hill 
Regional Sporting Complex wind turbine site.  An example of these roughness roses 
can be found in Figure 7. 
  
Figure 7 - Roughness Rose for Mandurah weather station 
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21.4 Wind Turbine Site 
The final step was to enter a wind turbine site.  This site was geographically determined 
by GPS.  Four wind turbine sites were initially considered; however, their close 
proximity to one another would ensure reliable data using the same project apart from 
the obstacle group data based on the turbine site.  The projects were therefore run twice, 
once for the SE location and again for the SW location.. 
The sites were both defined by the following UTM coordinates: 384095m, -3582670m.   
 
21.4.1 Site Specific Obstacle Groups 
The SE and SW sites were both considered for analysis independently in WAsP.  This 
required the development of independent Obstacle Group data for each of the turbine 
sites. 
The main obstacles that would surround the turbine locations were identified as: three 
clubrooms, a proposed indoor cricket centre, the caretaker’s premises, and an events 
stadium. 
Data was entered manually into the obstacle group database in WAsP.  Angle and 
distance information was extracted from Intramaps (Map Info Corp 2006) whereas 
building heights were estimated. 
 
Figure 8 - Obstacle Group SE Site  
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Figure 9 - Obstacle Group SW Site 
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21.5 WAsP Results 
The following data was computed for the proposed Lark Hill Regional Sporting 
Complex wind turbine SE site:  
Table 4- Statistics for Kwinana Project: Predicted wind profile at Lark Hill for the SE site 
Hub Height 
Weibull-A 
(m/s) 
Weibull-k 
Mean Speed 
(m/s) 
Power Density 
(W/m
2) 
10m  4.6 2.04  4.08 78 
15m  4.8 2.3  4.45 99 
20m  5.4 2.11  4.74 118 
25m  5.6 2.12  4.97 136 
30m  5.9 2.16  5.19 152 
 
Table 5 - Statistics for Garden Island Project: Predicted wind profile at Lark Hill fro the SE site 
Hub Height 
Weibull-A 
(m/s) 
Weibull-k 
Mean Speed 
(m/s) 
Power Density 
(W/m
2) 
10m  5.0 2.15  4.46 97 
15m  5.5 2.21  4.86 122 
20m  5.8 2.26  5.18 146 
25m  6.1 2.28  5.44 166 
30m  6.4 2.33  5.68 187 
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Table 6 - Statistics for Mandurah Project: Predicted wind profile at Lark Hill for the SE site 
Hub Height 
Weibull-A 
(m/s) 
Weibull-k 
Mean Speed 
(m/s) 
Power Density 
(W/m
2) 
10m  7.2 2.15  6.38 283 
15m  7.8 2.19  6.92 356 
20m  8.3 2.21  7.34 422 
25m  8.7 2.21  7.68 482 
30m  9.0 2.24  7.99 538 
 
The following data was computed for the proposed Lark Hill Regional Sporting 
Complex wind turbine SW site: 
  
Table 7- Statistics for Kwinana Project: Predicted wind profile at Lark Hill for the SW site 
Hub Height 
Weibull-A 
(m/s) 
Weibull-k 
Mean Speed 
(m/s) 
Power Density 
(W/m
2) 
10m  4.5 1.87  3.98 79 
15m  5.0 1.96  4.40 102 
20m  5.3 2.03  4.73 122 
25m  5.6 2.08  4.97 139 
30m  5.9 2.21  8.00 546 
 
The sudden jump form 4.97m/s to 8.00m/s at 30m may be an erroneous result.   
Averaging the data was later conducted to reduce the severity of such spikes to gain a 
better picture of the wind resource at Lark Hill Regional Sporting Complex   
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Table 8 - Statistics for Garden Island Project: Predicted wind profile at Lark Hill fro the SW site 
Hub Height 
Weibull-A 
(m/s) 
Weibull-k 
Mean Speed 
(m/s) 
Power Density 
(W/m
2) 
10m  5 2  4.43  102 
15m  5.5 2.11  4.88 129 
20m  5.9 2.19  5.21 152 
25m  6.2 2.25  5.46 171 
30m  6.4 2.31 5.7 190 
 
 
Table 9 - Statistics for Mandurah Project: Predicted wind profile at Lark Hill for the SW site 
Hub Height 
Weibull-A 
(m/s) 
Weibull-k 
Mean Speed 
(m/s) 
Power Density 
(W/m
2) 
10m  7.0 1.94  6.24 294 
15m  7.7 2.04  6.86 371 
20m  8.3 2.11  7.33 438 
25m  8.7 2.16  7.69 495 
30m  9.0 2.21  8.00 546 
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Figure 10 - Vertical mean wind shear profiles for SE and SW sites  
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From the vertical wind shear profiles shown in Figure 10, the best performer was 
returned by the Mandurah data for both SW and SE sites.  Kwinana data faired quite 
poorly with the exception of the dubious result of 8m/s at 30m.  This 30m reading 
would more likely follow the Kwinana SE profile result of 5.19m/s. 
The main errors associated with the WAsP results would be associated with the 
accuracy of the roughness data that was manually entered into the model.  Many errors 
would have occurred in this phase of the project.  A better approach would have been to 
approach Landgate or another geotechnical provider for more accurate roughness data.  
The errors associated with the wind data were minimal and would not have consistent 
throughout the data for each project rather than highlighted in one project and not the 
other. 
The spread of the Weibull-k data seemd quite small, in fact it varied from 1.87 to 2.33 
which is a difference of just 0.46.  Despite this small variation, when different values for 
the Weibull-k were used in RetScreen, the variation of turbine power output was quite 
significant.  Again, a more precise value for the Weibull-k would have been achieved 
had extremely accurate roughness data been used in the various models. 
The WAsP results of the predicted wind climate are a mere mathematical prediction of 
the wind at various altitudes above a specific location.  The results are based on the 
accuracy of the wind data, orographic data, obstacles and the wind turbine data.   
Inaccuracy of any of this data would distract from an accurate wind climate.   
The model works by extending the wind data at one position on to another, the precision 
of the data would reduce as the distance between the station and site increased.  For the 
projects conducted, relatively large distances were predicted and thus would be 
associated with some form of error. 
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21.5.1 Data Interpretation 
 
Once the data had been recorded, an average of the data was taken and used in the 
RetScreen model.  The average was used so as to get an approximate idea of the wind 
profile at the site and thus reduce the effect of erroneous data. 
Table 10 – Average data for sequential hub heights from the three projects for the SE site 
Hub Height  Weibull-A  Weibull-k  Mean Speed  Power Density 
10m  5.60 2.11 4.97  152.67 
15m  6.03 2.23 5.41  192.33 
20m  6.50 2.19 5.75  228.67 
25m  6.80 2.20 6.03  261.33 
30m  7.10 2.24 6.29  292.33 
 
Table 11 – Average data for sequential hub heights from the three projects for the SW site 
Hub Height  Weibull-A  Weibull-k  Mean Speed  Power Density 
10m  5.50 1.94 4.88  158.33 
15m  6.07 2.04 5.38  200.67 
20m  6.50 2.11 5.76  237.33 
25m  6.83 2.16 6.04  268.33 
30m  7.10 2.24 7.23  427.33 
 
It would have been possible to use WAsP to determine the actual power produced by 
each of the proposed wind turbines; however it was not possible to obtain the wind 
turbine thrust coefficient (Ct) curves for each of the wind turbines and so could not be 
accurately modelled. 
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21.5.2  Turbine Site Report 
 
Reports for Garden Island, Mandurah and KIC were generated in WAsP that detailed 
the frequency of wind blowing in each sector. 
 
 
Figure 11 - Wind frequency rose for Lark Hill SW site based on Garden Island project. 
 
 
Figure 12 - Wind frequency rose for Lark Hill SW site based on KIC project  
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Figure 13 – Wind frequency rose for Lark Hill SW site based on Mandurah project 
The wind frequency distribution for each project was then averaged and plotted in 
Excel.  This may not have been the most accurate way to determine the wind profile; 
however it allowed for the identification of the wind trend at the site.  A more accurate 
resource would be found through the installation and monitor of a meteorological 
station. 
 
Figure 14 - Average wind direction distribution for the three projects 
The average wind direction distribution of Figure 14 clearly shows the wind blowing 
from the sou-south west the majority of the time. 
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22 Appendix III – Wind Turbine Analysis 
RetScreen was used to determine the financial feasibility and the risk associated with 
various wind turbines all situated at the same Lark Hill Regional Sporting Complex 
location.   
Wind data was sourced from the WAsP project that predicted the wind profile for the 
Lark Hill Regional Sporting Complex site.  The wind speed was found to average 
4.9m/s at 10m height; however a more conservative estimate of 3.98m/s at 10m height 
as determined by the KIC project for the SW site or 4.08 m/s at 10m for the SE site 
could be used.  Data extracted for the South East site was used for the RETScreen 
analysis.  This was so the turbines could be compared on an even playing field. 
The KIC data was therefore used for the RETScreen study since this data generally 
produced the poorest data.  The use of this data would therefore produce the worst case 
scenario.  The vertical profile for the KIC SE and SW sites were plotted to determine 
the Wind Shear exponent.  The windshear exponent was then determined as 0.233 by 
plotting a trendline of the data in Excel using a power series. 
The vertical wind profile shown in Figure 15 was plotted with the vertical axis of wind 
speed and horizontal axis altitude so that the curve fit would generate the formula in the 
correct format.  According to the New Zealand Wind Energy Association (New Zealand 
Wind Energy Association 2004), surface roughness is the factor that determines the rate 
at which the airflow increases through the boundary layer from still air to the free-
stream air above.  The relationship between wind speed and altitude is defined in 
Equation 1. 
y = 2.332x0.233
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Figure 15 - Vertical Wind Profile for KIC data produced by WAsP  
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Equation 1 - Surface Roughness [NZWEA, 2004] 
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Assumptions surrounding the Surface Roughness equation include a site free from 
obstacles and a stable atmosphere.  Errors associated with these assumptions were 
expected to be negligible. 
Hub heights were entered based on the availability of the highest tower quoted.  Most 
manufacturers were able to supply 15m towers; however other manufacturers supported 
30m and even 50m towers.   
The shape factor related to the wind turbine was stated in RetScreen to be characteristic 
of the Weibull-k distribution.  The weibull-k distribution was determined from the 
average of the SW and SE sites (1.94 and 2.11) as listed in Table 10 and Table 11.  The 
weibull-k value was therefore calculated to be 2.025 and was entered into all RetScreen 
analyses regardless of the height applied to the hub. 
Airfoil and Miscellaneous losses were estimated at 2% each.  Availability of the wind 
turbine was also estimated at 95% since maintenance and faults would cause some 
downtime of the turbine. 
Specific technical data on each wind turbine was sourced from their respective 
manufacturers.  Technical data including power-curve, surface area, rotor diameter and 
rated output were required. 
The 3 electricity meters that are installed on site are billed through Synergy on their L1 
tariff.  According to the Synergy website (Synergy n.d.), the buy-back scheme for the 
L1 tariff is set at 15.88c/kWh which is equivalent to $158.8/MWh.  $158.8 was 
therefore entered  
22.1.1 Emission Analysis 
The Australian energy model within RetScreen indicated that Australia comprised of 
30% Gas and 70% Coal.  Some power on the SWIN would be produced by other means 
such as wind power generated by the 79.2MW Emu Downs wind farm (Wikipedia 
2008) and the 21.6MW Albany wind farm (Verve Energy 2006) among others.   
Communication with Western Power indicated that to determine the exact percentage of 
each energy resource connected to the grid was outside of their knowledge and control 
due to the partial deregulation of the energy industry in Western Australia.  The 30%, 
70% blend was therefore used.  This percentage was similar to the breakdown provided  
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by Verve Energy who showed on their website rated output of generators on the SWIN.  
Gas from Kwinana A, B and C indicate a capacity of 880MW of a total 3207MW or 
27% (Verve Energy 2007).  The remainder of the power stations converted energy from 
coal into electricity.   
Western Power did indicate that Grid losses for transporting power from the Muja Coal 
Power Station totalled 12% whereas these losses would be smaller for more local 
generation.  10% was therefore used for transmission losses in RetScreen since the 
majority of electricity production from gas was from Kwinana Power Station (Verve 
Energy 2008).  10% transmission and distribution losses were also applied to the wind 
turbine since it would be placed on the SWIN at a location similar to the Kwinana 
Power Station. 
The GHG credits transaction fee was set to 2% as advised by the RetScreen help topic 
that was indicated as being supported by CDM projects. 
Results of the Net annual GHG emission reduction measured in tonnes of CO2 were 
then obtained from RetScreen and entered into the Excel spreadsheet for comparison. 
22.1.2 Financial Analysis 
Initially, an inflation rate of 4.5% as specified by the Reserve Bank of Australia was 
used to conduct the feasibility study in RetScreen; however, it was advised by Trevor 
Pryor that a more accurate prediction would be obtained by the use of 0% for the 
inflation rate and a discount rate of 8.0%. 
Council intend to fund the project entirely by funds put aside for a renewable energy 
project.  For this reason, debt was not intended to be entered into to conduct the project 
and so was not included in any of the RetScreen analyses. 
22.1.3 Renewable Energy Certificates (RECs) 
The Office of the Renewable Energy Regulator (ORER) (Office of the Renewable 
Energy Regulator 2007) describes RECs in their fact sheet for small wind turbines 
(Office of the Renewable Energy Regulator 2006) as follows: 
“The Renewable Energy (Electricity) Act 2000 (the Act) and the Renewable Energy 
(Electricity) Regulations allow owners of small generation units (SGUs) to create 
and sell renewable energy certificates (RECs).  RECs are purchased by liable parties 
such as electricity retailers, seeking to offset their liability undert the Act so that they 
meet their renewable energy percentage targets.  One REC represents one Mega Watt 
hour (MWh) of renewable energy generation.” 
Calculation of the number of eligible RECs a wind turbine would be entitled to can be 
determined for turbines not more than 10kW or total annual output of 25MWh as 
described by ORER (Office of the Renewable Energy Regulator 2006): 
Equation 2 Annaul Renewable Energy Certificate Calculation Method 
       0.00095               
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Where: 
•  Prated   = The rated power of the wind turbine (kW) 
•  A   = Wind resource availability of the system (hours per annum) 
•  RECs  = Number of eligible RECs per annum. 
 
If the resource availability is unknown, a default amount of 2000 hours per year can be 
used; however, if the default amount is not used, evidence would need to be provided to 
justify the wind resource. 
 
The wind turbine would need to be accredited as a power station if it was determined 
that the total annual output would exceed 25MWh. 
 
It was determined that the value of a REC varies daily; however a quote for the Proven 
wind turbines indicated that they would buy the RECs from Council at a rate of 
$45/REC.  Since this rate could not be fixed, a REC value of $35 each was used in the 
feasibility study. 
 
To account for RECs income in the RetScreen model, Clean Energy Production Income 
was used.  This required the dollar value of the RECs in terms of amount of funds 
generated from RECs per kWh of energy produced.  To determine this, the number of 
eligible RECs determined in Equation 2 was multiplied by $35 and then divided by the 
RETScreen prediction for amount of energy exported to the grid (in kWh). 
 
Equation 3 - Clean Energy Production Credit Rate ($/kWh) 
Clean Energy Production Credit Rate = RECs x $35/REC ÷ Energy Exported to Grid 
 
RECs can be traded yearly or 5 yearly.  The RetScreen model required that yearly data 
be entered.  At the time of writing, no indication was made by ORER that the REC 
scheme was to cease; therefore REC trading was included as a part of the RETScreen 
model for the life of the turbine. 
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22.2 Wind Turbine Results 
 
22.2.1  Proven 2.5kW Wind Turbine 
Data for the 2.5kW wind turbine was gathered from various sources including the 
manufacturer and RETScreen.   
 
 
 
 
 
 
 
 
 
  
Table 12 - Proven 2.5kW Wind Turbine Results
Figure 16 - Power and Energy Curves for Proven 2.5kW Wind Turbine
Manufacturer Proven
Make Proven 2.5
Model WT2500
Rated Power (kW) 2.50
Rotor Diameter (m) 9.00
Swept Area (m2) 14.14
Hub Height 1 (m) 15.00
Hub Height 2 (m) 0.00
Noise at 5m/s (dBA) 48.00
Noise at 20m/s (dBA) 65.00
Cut In (m/s) 2.50
Cut Out (m/s) No Cut-out
Survival (m/s) 70.00
Cost Turbine 20458.36
Cost Tower combined with turbine
Cost Installation 10000.00
Additional Features 2178.00
Cost 24900.00
Cost $AU 24900.00
Lifetime 20.00
Carbon Offset (t/yr CO2) 3.70
Carbon Offset (t/yr/kW CO2) 1.48
Annual production (kWh) 4000.00
Annual income ($/yr) 854.00
Payback Period (yrs) 29.30
Unit cost (at rated pwr) ($/kW) 9960.00
Unit Cost ($/kWh) 6.23 
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22.2.2 Proven 6kW Wind Turbine 
Data for the Proven 6kW wind turbine was gathered from various sources including the 
manufacturer and RETScreen.   
 
Table 13 -  Proven 6kW Wind Turbine 
Manufacturer Proven
Make Proven 6
Model WT6000
Rated Power (kW) 6.00
Rotor Diameter (m) 5.50
Swept Area (m2) 23.76
Hub Height 1 (m) 9.00
Hub Height 2 (m) 15.00
Noise at 5m/s (dBA) 45.00
Noise at 20m/s (dBA) 65.00
Cut In (m/s) 2.50
Cut Out (m/s) No Cutout
Survival (m/s) 70.00
Cost Turbine 38276.00
Cost Tower combined with turbine
Cost Installation 18000.00
Additional Features 2178.00
Cost 44500.00
Cost $AU 44500.00
Lifetime 20.00
Carbon Offset (t/yr CO2) 10.00
Carbon Offset (t/yr/kW CO2) 1.67
Annual production (kWh) 12000.00
Annual income ($/yr) 2235.00
Payback Period (yrs) 26.10
Unit cost (at rated pwr) ($/kW) 9742.33
Unit Cost ($/kWh) 4.87  
 
 
 
Figure 17- Power and Energy Curves for Proven 6kW Wind Turbine 
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22.2.3 Proven 15kW Wind Turbine 
Data for the Proven 15kW wind turbine was gathered from various sources including 
the manufacturer and RETScreen. 
 
Table 14 - Proven 15kW Wind Turbine 
Manufacturer Proven
Make Proven 15
Model WT1500
Rated Power (kW) 15.00
Rotor Diameter (m) 9.00
Swept Area (m2) 63.62
Hub Height 1 (m) 15.00
Hub Height 2 (m) 25.00
Noise at 5m/s (dBA) 48.00
Noise at 20m/s (dBA) 65.00
Cut In (m/s) 2.50
Cut Out (m/s) Does not Cut out
Survival (m/s) 70.00
Cost Turbine 140800.00
Cost Tower combined with turbine
Cost Installation 30000.00
Additional Features 22869.00
Cost 193669.00
Cost $AU 193669.00
Lifetime 20.00
Carbon Offset (t/yr CO2) 32.30
Carbon Offset (t/yr/kW CO2) 2.15
Annual production (kWh) 39000.00
Annual income ($/yr) 7003.00
Payback Period (yrs) 27.70
Unit cost (at rated pwr) ($/kW) 12911.27
Unit Cost ($/kWh) 4.97  
 
 
Figure 18 - Power and Energy Curves for Proven 15kW Wind Turbine  
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22.2.4 Southwest Windpower 3kW Wind Turbine 
Data for the Southwest Windpower 3kW wind turbine was gathered from various 
sources including the manufacturer and RETScreen. 
 
Table 15 - Southwest Windpower 3kW Wind Turbine 
Manufacturer Southwest Windpower
Make
Model WHI-500
Rated Power (kW) 3.00
Rotor Diameter (m) 4.50
Swept Area (m2) 15.90
Hub Height 1 (m) 15.00
Hub Height 2 (m)
Noise at 5m/s (dBA) No data provided
Noise at 20m/s (dBA) No data provided
Cut In (m/s) 3.40
Cut Out (m/s) No data provided
Survival (m/s) 55.00
Cost Turbine 14960.00
Cost Tower 3245.00
Cost Installation 15000.00
Additional Features 0.00
Cost 33205.00
Cost $AU 33205.00
Lifetime No data provided
Carbon Offset (t/yr CO2) 4.00
Carbon Offset (t/yr/kW CO2) 1.33
Annual production (kWh) 5000.00
Annual income ($/yr) 1105.00
Payback Period (yrs) 30.10
Unit cost (at rated pwr) ($/kW) 11068.33
Unit Cost ($/kWh) 6.64  
 
 
Figure 19 - Power and Energy Curves for Southwest Windpower 3kW Wind Turbine  
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22.2.5 Aerogenesis 5kW Wind Turbine 
Data for the Aerogenesis 5kW wind turbine was gathered from various sources 
including the manufacturer and RETScreen. 
 
Table 16 - Aerogenesis 5kW Wind Turbine 
Manufacturer Aerogenesis
Make
Model
Rated Power (kW) 5.00
Rotor Diameter (m) 5.00
Swept Area (m2) 19.63
Hub Height 1 (m) 18.00
Hub Height 2 (m) 0.00
Noise at 5m/s (dBA) No Data Provided
Noise at 20m/s (dBA) No Data Provided
Cut In (m/s) 3.00
Cut Out (m/s) No Data Provided
Survival (m/s) 50.00
Cost Turbine 18800.00
Cost Tower Combined with Turbine
Cost Installation 18000.00
Additional Features 0.00
Cost 36800.00
Cost $AU 36800.00
Lifetime No Data Provided
Carbon Offset (t/yr CO2) 9.50
Carbon Offset (t/yr/kW CO2) 1.90
Annual production (kWh) 10000.00
Annual income ($/yr) 1892.00
Payback Period (yrs) 19.40
Unit cost (at rated pwr) ($/kW) 7360.00
Unit Cost ($/kWh) 3.68  
 
 
Figure 20 - Power and Energy Curves for Aerogenesis 5kW Wind Turbine 
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22.2.6 Hush 5.5m (18kW) Wind Turbine 
Data for the Hush 5.5m diameter wind turbine was gathered from various sources 
including the manufacturer and RETScreen. 
Table 17 - Hush 5.5m diameter wind turbine 
Manufacturer Hush Wind Power
Make HAWT
Model 5.5m diameter
Rated Power (kW) 18.00
Rotor Diameter (m) 5.50
Swept Area (m2) 23.76
Hub Height 1 (m) tower ht negotiable
Hub Height 2 (m) 0.00
Noise at 5m/s (dBA) Noiseless (advertised)
Noise at 20m/s (dBA) Noiseless (advertised)
Cut In (m/s) No Data Provided
Cut Out (m/s) No Data Provided
Survival (m/s) 0.00
Cost Turbine 86900.00
Cost Tower 0.00
Cost Installation 30000.00
Additional Features 0.00
Cost 116900.00
Cost $AU 116900.00
Lifetime 0.00
Carbon Offset (t/yr CO2) 11.70
Carbon Offset (t/yr/kW CO2) 0.65
Annual production (kWh) 14000.00
Annual income ($/yr) 3241.00
Payback Period (yrs) 36.10
Unit cost (at rated pwr) ($/kW) 6494.44
Unit Cost ($/kWh) 8.35  
 
 
Figure 21 - Power and Energy Curves for Hush 5.5m diameter wind turbine 
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22.2.7 Results Summary 
 
Table 18- Summary of Key Performance Indicators for selected wind turbines 
Manufacturer Proven Proven Proven
Southwest 
Windpower
Aerogenesi
s
Hush Wind 
Power
Make Proven 2.5 Proven 6 Proven 15
Southwest 
3kW
Aerogenesis 
5kW
HAWT
Model WT2500 WT6000 WT1500 WHI-500
5.5m 
diameter
Rated Power (kW) 2.5 6 15 3 5 18
Cost $AU 24900.00 44500.00 193669.00 33205.00 36800.00 116900.00
Carbon Offset (t/yr CO2) 3.70 10.00 32.30 4.00 9.50 11.70
Carbon Offset (t/yr/kW 
CO2)
1.48 1.67 2.15 1.33 1.90 0.65
Annual production (kWh) 4000.00 12000.00 39000.00 5000.00 10000.00 14000.00
Annual income ($/yr) 854.00 2235.00 7003.00 1105.00 1892.00 3241.00
Payback Period (yrs) 29.30 26.10 27.70 30.10 36.10 36.10
Unit cost (at rated pwr) 
($/kW)
9960.00 7416.67 12911.27 11068.33 7360.00 6494.44
Unit Cost ($/kWh) 6.23 3.71 4.97 6.64 3.68 8.35 
 
 
 
Figure 22 - Graph comparing the estimated cost of each project 
 
 
Figure 23 - Comparison of Estimated annual production  
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Figure 24 - Comparison of estimated unit costs when operating at rated power 
 
Figure 25 - Comparison of estimated payback period 
 
 
Figure 26 - Comparison of estimated carbon offset 
22.3 Conclusion 
 
The Hush 5.5m diameter wind turbine provided the best results for estimated unit cost at 
rated power; however the Aerogenesis 5kW returned the best estimated unit cost per 
kilowatt hour.  The annual production of the Hush 5.5m was similar to the Proven 6kW 
unit leaving the Proven 15kW almost three times better off on this measure.  Data for 
the Hush 5.5m diameter wind turbine could not be confirmed since standards testing had 
not yet been conducted on the turbine.  The shape of the power curve also seemed quite  
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unusual which might indicate the results of theoretical models or wind tunnel tests.  The 
rated power output of the turbine was also only approximated by the manufacturer at 
18kW despite the fact that the power curve indicated the power to still be rising above 
20kW at 15m/s.  The manufacturer preferred to describe the turbines in terms of rotor 
diameter than rated power.  This made comparison of this turbine with other more 
conventional looking horizontal axis wind turbine difficult. 
 
The Aerogenesis returned a better carbon offset in terms of its rated power than the 
Proven 6kW; however, the Proven 6kW offset a greater weight of carbon dioxide per 
annum.  The Aerogenesis 5kW wind turbine should have produced much better 
financial results; however, extremely overcautious estimated transport costs from 
Sydney increased the cost of the project.  More accurate transportation costs for the 
Aerogenesis project would be beneficial. 
 
The Proven 6kW wind turbine performed well on the amount of greenhouse gas offset 
as it exceeded the Proven 2.5, Southwest 3kW and Aerogenesis 5kW units.  Similarly, 
the Proven 6kW unit returned the best annual production, second only to the Proven 
15kW unit that exceeded it fourfold.   
 
Results for the highest power production were returned by the Proven 15kW unit.  The 
Proven 15kW wind turbine was also estimated to offset the largest amount of carbon 
emissions, over three times more than the 6kW model.   
 
The Southwest 3kW Wind Turbine returned poor financial results due to its American 
production that incurred large shipping and transport costs.   
 
22.4 Recommendations 
 
The  Proven 6kW wind turbine and the Aerogenesis 5kW wind turbines performed 
extremely well; however the Proven wind turbines have been on the market for some 
time and therefore have a proven track record.  If a larger wind turbine was to be 
considered, the Proven 15kW unit would be preferred over the Hush due to the lack of 
formal testing the Hush has undergone; however, if noise abatement is a key concern, 
the Hush would be recommended. 
 
The benefits of installing the Proven 6kW wind turbine include: 
•  Perth based supplier with dedication to begin and manage project. 
•  Product is available from more than one Australian supplier. 
•  Good cost per kilowatt rating $7416.67/kW. 
•  Proven has a long track record and claim to be, “the world’s leading supplier of 
small wind turbines” and have over 1500 wind turbine installations worldwide 
(Proven Energy 2007) 
•  Estimated effective payback period of 26.1 years. 
•  Turbine can generate power in strong winds when other similar turbines would 
need to be furled or stopped to prevent damage. 
•  Does not need to go through Council tender process as capital cost would likely 
be below $100,000. 
 
The disadvantages of installing the Proven 6kW wind turbine include: 
•  Not an Australian design or manufactured product.  
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•  Could get better annual production from the 15kW unit. 
 
The advantages of the Aerogenesis 5kW wind turbine include: 
•  An Australian wind turbine company, designed at Newcastle University. 
•  Per rated kW, the Aerogenesis has a larger impact on reducing the carbon 
emissions than the Proven 6kW. 
•  Project with the lowest normalised cost ($/kW) 
•  Installer available, based in Kalgoorlie.   
•  Would not need to go through Council tender process as capital cost would 
likely be below $100,000. 
 
The disadvantages of the Aerogenesis 5kW wind turbine include: 
•  New product that is in the final stages of development. 
•  Not commercially available until early-mid 2009. 
•  Transportation required from Sydney 
 
The advantages of the Proven 15kW wind turbine include: 
•  Highest annual production and carbon offset. 
•  Provided by Perth based agent and importer who is keen to oversee the project. 
•  Will offset a greater amount of the power used by the site of all the options 
proposed. 
 
The disadvantages of the Proven 15kW wind turbine include: 
•  Highest cost project of those recommended. 
•  May have issues with buy-back scheme since turbine is greater than 5kW per 
phase. 
•  May need to register as a small power station. 
•  Capital costs may exceed $100,000 and need to undergo a formal tender process. 
 
The advantages of the Hush 5.5m diameter wind turbine include: 
•  Claims to be noiseless. 
•  Has undergone wind tunnel testing at RMIT University 
•  Manufacturer able to provide turbine tower at any height. 
•  Higher annual production and carbon offset than the Proven 6kW. 
 
The disadvantages of the Hush 5.5m diameter wind turbine include: 
•  No WA distributor or installer has yet been approved by the manufacturer; 
however they are interested in developing their WA network upon purchase of a 
unit by a WA investor. 
•  No actual on-site tests have been run on the turbine. 
•  No certification has been given to this turbine. 
•  Capital costs may exceed $100,000 and need to undergo formal tender process. 
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23.1 Topography 
The Lark Hill Sporting Complex is situated in the Local Government region of 
Rockingham, between the Peth suburbs of Port Kennedy to the north and Secret 
Harbour to the south.  The eastern boundary comprises of large rural properties whereas 
the Port Kennedy Scientific Park is situated to the west.  It is also located 2930m due 
east of the coast of Australia.   
Analysis of the topographic data provided by Landgate for the WAsP vector map 
indicated a relatively flat surface surrounding the site.  The Port Kennedy Scientific 
Park was found to consist of sand dunes and low lying shrubs that extend up to 9.8m 
AHD at their highest.   
A light industrial area situated 1500m to the north of the site (Map Info Corp 2006) had 
no height limitations according to the City of Rockingham (Ashby 2008); however, the 
largest obstacle in that area was the newly constructed Bunnings Warehouse, 2100m 
away. 
Proposed developments to the north of the site include a Multi-Purpose Event Stadium, 
Swimming Pool, medical centre, football fields and an associated clubroom.  The 
largest of these would be the Stadium that had a proposed grand-stand. 
Future development to the south of the site also included the construction of an indoor 
cricket facility.  This could be 5m high and would be situated 219m from the southeast 
site and 175m from the southwest site. 
Current development on the site included a caretaker’s building, and three clubrooms.  
The clubrooms were almost identical in size and were all located to the south of the 
proposed wind turbine locations at 300m, 530m and 789m consecutively.  The 
caretaker’s building was located only 90m from the proposed southwest site. 
The suburb of Secret Harbour existed approximately 1000m to the southwest of the 
proposed site.  This area consisted mainly of single story dwellings; however, larger, 
two story dwellings were located on the coastal plain. 
A protected wetland, central to the proposed sites, was surrounded by dunes that 
extended approximately 5m above the surrounding elevation.  The lowest lying area 
was identified as the southeast site.   
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Figure 28 - Lark Hill Regional Sporting Complex and Surrounds (Map Info Corp 2006)  
23.2 Site analysis 
 
23.2.1  Southeast site 
Sand dunes that extended up to 5m Above Ground Level were situated to the west of the 
site while a series of dunes and small hills, walking trails and a wind powered water 
pump existed to the east.  The SE site was relatively low lying compared to the dunes 
that surrounded the wetland.   
During a recent site visit, low lying scrub and rabbits and their droppings were 
observed.  It was also observed that the area was being used as compost site for grass 
clippings and waste turf.   
The advantages of siting the wind turbine at the SE include: 
•  Relatively flat surface that could be developed immediately. 
•  Large area that could be used for future expansion and additional turbines. 
•  Large flat area surrounding the site that would allow for ease of maintenance 
when raising and lowering the tower for maintenance. 
 
The disadvantages of the SE site include: 
•  Close proximity to high dunes that could create a turbulent airflow for the wind 
turbine. 
•  Large indoor cricket complex proposed to the SW of the site where the majority 
of the wind comes from. 
•  Large tower would be required to reap optimum wind.  
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Figure 30 - Proposed SE Site. View from Clubroom looking North. 
23.2.2 South West Site 
Sand dunes and the wetland area were located to both the eastern and western side of 
the South West Site.  The wetland to the east was protected; however the fate of the 
dunes and wetland to the west, sandwiched between the site and Warnbro Sound Ave 
had not been determined. 
The SW Site was on less of a depression between the dunes and would experience a less 
hindered airflow from the southwest sector.  The only obstacle in the path of the airflow 
surrounding the turbine would be the caretaker’s facility in the southern sector. 
The site would be positioned between an access road linking the stage 1 and stage 2 
developments and a service track.  At the time of writing the report, the extent of 
excavation on this area to make it level with the surrounding was uncertain. 
 
The advantages of the SW site include: 
•  Higher elevation than the SE site. 
•  Clear of large obstacles in all but southern sector. 
•  Close to meter.  Less cabling would be required to connect the inverter to the 
grid. 
 
The disadvantages of the SW site include: 
•  Unable to determine the amount of excavation to occur in that region for the 
road works and service path. 
•  May not be able to start installation immediately.  Installation may need to be 
delayed to coincide with stage 2 development.  
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23.2.3 Site Recommendation 
It is recommended that the SW site be selected since this site has a less disturbed terrain 
in the south and south west sectors where the most likely wind flow is to blow from.  
This site would also be clearly visible from Warnbro Sound Avenue and provide an 
indication to the commuters within Rockingham that the City of Rockingham are 
committed to alternative energy technologies.   
 
The next best site would be the SE site; however this would be less suitable since the 
terrain and obstacles in the zone to the south and south west would be occupied and thus 
cause a more turbulent airflow.  A wind turbine on this site would require a larger wind 
turbine tower to ensure that the low level turbulent airflow is avoided. 
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24 Appendix V – Council Report 
 
  File No. EVM/103 
PD124/7/08         Item 3.35             Feasibility Study  Wind Turbine 
Site  Whole of the City 
Officers 
Ms K O’Neill, Environmental Projects Officer 
Mr P Strano, Co-ordinator Sustainability & 
Environment 
Mr P Ricci, Manager Strategic Planning & 
Environment 
Date of Report  7
th July 2008 
Previously Before Council  N/A 
Disclosure of Interest   
 
PURPOSE OF REPORT 
To seek the Council’s endorsement to investigate the feasibility of construction a 
wind turbine in the City of Rockingham for power generation and/or educational 
purposes. 
STRATEGIC PLAN. 
The matter falls within Functional Area 3, Strategy 8 – ‘Introduce a comprehensive 
range of initiatives to manage the natural environment’. 
DETAILS 
There is now overwhelming evidence that climate change, caused in a large part by 
greenhouse gas emissions from human activity, could lead to disastrous 
environmental consequences.  Some predicted impacts of moderate global warming 
are: 
-  A rise in sea levels through melting glaciers and thermal expansions of 
oceans. 
-  More extreme weather events such as heat waves, droughts and floods. 
-  An increased risk of species extinction and biodiversity loss. 
There is a global recognition that urgent action is needed to combat climate change 
with many within the scientific community endorsing the use of renewable energy 
technology, in conjunction with other strategies, as the most realistic means of 
reducing GHG emissions. 
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There are many renewable energy options available, such as the use of photovoltaic 
cells (solar) wind and hydro power.  Of these options, wind power is one of the most 
viable energy sources.  The recently released document Energy Revolution: A 
Sustainable World Energy Outlook, published by the European Renewable Energy 
Council, indicated that wind turbines are by far the most technologically advanced, 
cost efficient and sustainable form of renewable energy technology available.  It is a 
no consumptive use of a natural resource and it produces zero GHG emissions.  
This document further predicts that due to the dynamic technological advancement 
and increased capacity of wind turbines, they could be the single most important 
global source of electricity generation in the long term. 
 
Wind turbine technology is available to local governments to either power their 
facilities, or to feed into the power grid and thereby offset GHG emissions.  This is 
important when considering that Council is part of the Cities for Climate Protection 
Program (CCP), which has a goal of reducing greenhouse gases by 2010, yet a 
recent inventory revealed that the City of Rockingham is releasing 4,000 tons (or 
47%) of C02 over what is should to meet reduction targets. 
 
Renewable energy is a feasible, measurable means of reducing the City’s corporate 
GHG’s and of wind power is one of the most accessible forms of renewable energy.  
It is expected that Rockingham’s climate and landscape would lend itself to 
accommodating wind turbine technology. 
 
Wind turbines have high long-term cost effectiveness with major costs incurred in the 
initial development of the project, but minimal costs thereafter.  Wind turbines are 
virtually immune from further inflationary pressures.  There are no fuel costs that 
may escalate through time and older wind power turbines can be replaced or 
decommissioned relatively easily.  Overall, wind power projects have favourable cost 
payback periods. 
 
Local governments throughout Australia have successfully introduced wind turbine 
technology.  The City of Geraldton and Shire of Greenough, in a joint venture with 
Western Power, have constructed a 30 megawatt wind turbine 40 km south east of 
Geraldton.  Other examples include a proposed 1.5 megawatt turbine for 
Maribyrnong City Council in Melbourne. 
 
COMMENT  
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Based on the above information, the City has been investigating the possibility of 
introducing wind turbine technology onto a site in Rockingham.  This initial 
investigation has involved communication with various experts including Dr Jonathan 
Whale of Murdoch University’s Research Institute for Sustainable Energy (RISE) to 
explore possible partnerships.  In this regards, RISE has advised that it can help in 
an advisory role with any project initiated by Council. 
 
Should Council so resolve, the overall aim of the project would be to explore current 
wind turbine technology and determine the one most suitable for the City’s 
requirements.  This would include the feasibility and costs to install, operate and 
maintain along with recommendations on the preferred location and potential 
impacts.  It is anticipated that this will be undertaken by a party external to the City of 
Rockingham who has expertise in this field. 
 
The project has extensive opportunities for community education and reconfirming 
the Council’s commitment to reducing GHG emissions.  The education benefit is 
advanced by placing the turbine at a high profile location, such as the Lark Hill 
Sporting Complex, where the wider community can be better informed of the project.  
If Lark Hill was deemed suitable, for example, the generated power could be used to 
service the on-site facilities. 
 
It is therefore recommended that the Council endorse the further investigation into 
the feasibility of locating a wind turbine within the City.  Should funds be required to 
engage consultants to assist in testing the feasibility, such will be obtained from 
existing Budget accounts.  Regular progress reports will be provided throughout the 
study. 
 
Should the project prove to be feasible, the Council has for number of years 
contributed to a ‘Renewable Energy Reserve’ which has been collecting funds to 
establish a significant renewable energy facility.  As at the end of 2007/08, the 
Reserve contained approximately $175,000. 
 
POLICY IMPLICATIONS 
N/A 
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FINANCIAL IMPLICATIONS 
Should the project prove to be feasible, the capital funding to build the facility can be 
sourced from the Renewable Energy Reserve (Account No. 43.6141). 
 
STATUTORY IMPLICATIONS 
Nil 
VOTING REQUIREMENTS 
Normal 
OFFICER/COMMITTEE RECOMMENDATION/COUNCIL RESOLUTION 
Moved Cr R Smith, seconded Cr B Warner    That Council take the 
following action:- 
1. Endorse further investigation into the feasibility of locating a wind turbine 
within the City of Rockingham to generate power and/or act as an educational 
facility. 
2. Acknowledge that should the construction of a wind turbine prove to be 
feasible, the project can be funded from the Renewable Energy Reserve 
(Account No. 43.6141). 
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25 Appendix VI– Energy Audit: Lark Hill Regional Sporting Complex 
   
Page |Appendix VI - 73  
 
LARK HILL SPORTING COMPLEX  
 
ENERGY AUDIT 
 
CITY OF ROCKINGHAM 
& MURDOCH UNIVERSITY 
 
LUP 1339 
ROSS BILLING 
 
 
 
 
 
 
 
  
 
Page |Appendix VI - 74  
25.1 Abstract 
 
Lark Hill Sporting Complex used approximately 70MWh of energy for the period stretching 
from 12/12/2007 to 19/06/2008.  Eighty percent of the energy resource was provided by 
electricity with the remaining provided by gas.  This report details the major loads imposed 
on the sporting complex and provides some suggestions on how to minimise energy 
consumption.  
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25.3 Introduction and Background 
 
An energy audit for the Lark Hill Sporting Complex in Port Kennedy, WA was 
instigated by a Murdoch University internship student for the City of Rockingham who 
desired knowledge of the power consumption of the site.  This was to analyse the size 
requirement of a wind turbine that was being considered for the site.   
 
The Lark Hill Sporting Complex consists of 4 different lot titles: Lot 101, Lot 102, Lot 
103 and Lot104 Warnbro Sound Ave, Port Kennedy.  At the time of this study, stage 2, 
involving the development of Lot 101 had not yet been undertaken and so was not 
included in this study.  Lot 102 provided an arena for Soccer, Mini Soccer and Cricket 
whereas Lot 103 catered for Softball, Hockey and Netball leaving Lot 104 as a ground 
for Rugby. 
 
Lark Hill Sporting Complex provides sporting facilities to rugby, cricket, hockey, 
netball, basketball and soccer, with fields that can cater for many more sports.  Three 
club rooms and one caretaker facility make up the buildings on site.  The majority of the 
loads on site are sourced from the lights that are used to illuminate the fields; however 
some energy is consumed by the loads within the buildings.  The building loads 
themselves consist of lighting, heating ventilation and air conditioning (HVAC), and 
cooking appliances. 
 
The design of the buildings has been mindful of modern environmental best practice.  
They are oriented North/South with large awnings covering the east/west facing 
windows.  The awnings also cover the northern and southern walls which are also used 
as stair wells to encourage natural convection currents from below to cool the outside 
areas.  Insulation has also been included in the buildings to minimise energy lost 
through the roof of the buildings. 
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25.4 Energy Used by Facility 
 
Information, sourced from Synergy and the accounts department at the City of 
Rockingham, can be found in Section 25.11 Appendix A– Energy Use; however a 
summary can be found below: 
 
Meter Number Location
Dec-Feb 08 
(kWh/day)
Feb-Apr 08 
(kWh/day)
Apr-Jun 08 
(kWh/day)
140001449 Lot 104 Warnbro Sound Ave, Warnbro 17.7246 19.5873 19.4310
140001347 Lot 103 Warnbro Sound Ave, Warnbro 40.8986 54.9655 181.4286
140001347 Lot 102 Warnbro Sound Ave, Warnbro 81.0926 221.9863 451.6984
Totals: 139.7158 296.5391 652.5580
 
Table 19 - Energy consumption for Lark Hill Sporting Complex 
 
In order to normalise the data that was taken over different date ranges for each meter, 
the number of kWhr used in total for the period was divided by the number of days in 
the billing period.  Normalisation was conducted for ease of comparison of the data over 
these differing ranges. 
 
It was not possible to obtain the energy used by the site for an entire year since the site 
had not been operating for that long.  Accounts were sourced for the period from 
December 2007 to June 2008, a period covering approximately 190 days (just over 6 
months).  A significant growth in the energy demand placed on the site was observed 
over the period.   
 
A forecast that used the least squares method of approximating the line using a 
polynomial of order 4 was applied in Excel.  Despite being a very crude representation 
of the data, it did precisely fit the data to 100% accuracy mathematically.  Allowance 
for seasonal trends was not included in this model and therefore is likely to have over 
estimated the results. 
The period was chosen to include a forecast of the energy used over the next 190 days 
to double the data set and cover just over a year of data.  Using these models, it was 
determined that the daily energy consumption would grow from: 
•  451 kWh/day in June to approximately 1900kWh/day in December, 2008 for Lot 
102; 
•  191 kWh/day in June to approximately 1375kWh/day in December, 2008 for Lot 
103; 
•  19.431 kWh/day in June and decay thereafter for Lot 104.  
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With the exception of Lot 104, the other sections of the complex appear to be set to 
increase their energy consumption by seven fold for Lot 103 and fourfold for Lot 102.   
 
This forecast is extremely inaccurate since it predicts that growth will continue at this 
rate which is unlikely since the clubs formed and started using the facility for the first 
time during the first half of the year.  It is also inaccurate since the majority of the 
energy consumption determined over the period is attributed to lighting loads.  With the 
onset of longer daylight hours in the summer months and daylight saving, the electrical 
lighting loads would be greatly reduced in spring and summer.  The loads may; 
however, change from being lighting dominated to being HVAC dominated.  Accurate 
analysis of this would only be achievable with at least a full year of energy consumption 
data. 
 
Gas use for the year to date was obtained from Alinta Gas.  The only account that had 
been provided by Alinta Gas to the council was for the 39 days to 23/06/2008.  This 
account indicated a total of 821kWhr of gas energy was supplied or an average of 
21kWhr per day.  The majority of this was used by Lot 104, that used 12kWhr/day. 
 
Comparing the Gas and Electricity loads, it was determined that the total energy use for 
a particular day when the billing periods overlapped could be calculated.  The energy 
snapshot for 1
st June, 2008 indicated that total energy consumption for site was 
674kWhr which was comprised of 653kWhr of electricity and 21kWhr of gas.  Gas, 
therefore, accounted for 19% of the total energy provided to the Lark Hill Sporting 
Complex.  Despite being the smallest consumer of gas, Lot 104 consumed the largest 
percentage of gas energy measuring slightly over 11%.  Full details can be found in 
Table 20 and Section 87 - Appendix A– Energy Use.  . 
 
Electricity 
(kWhr)
Gas 
(kWhr)
Total 
(kWhr)
Gas used 
(%)
Lot 102 451.7 6.1 457.8 1.3%
Lot 103 181.4 12.5 193.9 6.4%
Lot 104 19.4 2.5 21.9 11.3%
Totals: 652.6 21.1 673.6 19.1%  
Table 20 - Snapshot of energy consumption on an average day (1/6/08) 
 
Calculation of the carbon footprint was calculated for the site based on data provided by 
Synergy (Synergy, 2008).  This data indicated that the total amount of CO2 gas emitted 
by the operations at the complex equated to 69,621 kg for the 190 days from 12/12/2007  
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to 19/06/2008.  Table 21 details the amount of CO2 that was produced by each section 
of the Complex over the analysed period. 
Location
Account 
Start Date
Account 
End Date
Days
Units 
Used
Lot 102 
(kWh/day)
CO2 Used* 
(kg CO2/day)
CO2 Used* 
(kg CO2)
Lot 102 12/12/2007 4/02/2008 54 4379.00 81.09 80.58 4351.26633
Lot 102 4/02/2008 17/04/2008 73 16205.00 221.99 220.58 16102.3683
Lot 102 17/04/2008 19/06/2008 63 28457.00 451.70 448.84 28276.7723
Lot 103 12/12/2007 19/02/2008 69 2822.00 40.90 40.64 2804.12733
Lot 103 19/02/2008 17/04/2008 58 3188.00 54.97 54.62 3167.80933
Lot 103 17/04/2008 19/06/2008 63 11430.00 181.43 180.28 11357.61
Lot 104 12/12/2007 19/02/2008 69 1223.00 17.72 17.61 1215.25433
Lot 104 19/02/2008 22/04/2008 63 1234.00 19.59 19.46 1226.18467
Lot 104 22/04/2008 19/06/2008 58 1127.00 19.43 19.31 1119.86233
Totals: 190 70065.00 1088.81 366.43 69621.26
*Calculated from Synergy, 2008
 
Table 21 - Summary of energy use and carbon footprint for Lark Hill Sporting Complex. 
 
25.5 Loads 
 
The gas loads that were identified in the study included: the heat exchanger on the 
ducted heater with electrically powered fans; the stove in the kitchen; and instant hot 
water heating units that were set at 70°C. 
 
Refrigerative loads were identified in the buildings.  These included refrigerative air 
conditioning units in the first aid room, the cool room and fridges and freezers in the 
kitchen areas.   
 
Lighting loads included a vast array of different types of lights throughout the building.  
All lights with the exception of external floodlights and streetlights were fluorescent or 
low wattage, energy saving type.  Field floodlighting consisted of an array of towers 
containing 2000W Sylvania Briteline Sportsline 2000 floodlights.  Street lighting 
consisted of two networks of lights. The main access road was under the control of main 
roads WA and therefore was not included in this study.  Car parks consisted of both 
sensor activated and timer activated controlled, Sylvania Roadster 250W metal halide 
lighting.  An extensive list of the lighting types is detailed in Section 25.13 - Appendix 
C - Lighting Description.  . 
 
Other electrical loads that were observed but not included in this study included:  
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•  2 Condensers for evaporative cooling 
•  LCD television 
•  CRT television 
•  Audio system 
•  Public address system 
•  3 fridges 
•  An electric oven 
•  Chip fryer 
•  Hot plate 
•  Pie warmer 
•  Microwave (900W) 
•  2 Urns 
•  ChestFreezer 
•  Irrigation pump. 
25.6 Light Intensity 
 
Light intensity was measured with a light meter calibrated in Lux.  The results for this 
brief survey that was conducted during the day in the Lot 102 club room was tabulated 
in Table 22.  The Recommended Lux levels were taken from the Australian Standards: 
AS2560.2.2 (Australian Standard 1986) and AS1680.2.1 (Australian Standard 2008). 
 
Location Lux (Day) Recommended Lux
Function Room 1 250 160-240
Pool Table 350 300
Change rooms 150 80
Corridor intersection 250 80
First Aid 150 320  
Table 22 - Light intensity measurements for various locations in the clubroom of lot 102 
Most of these light levels exceeded the required standard with the exception of the First 
Aid room which rated only 150 lux but required 320 lux to achieve the required 
standard.  Based on this finding, it would be recommended to increase the level of 
luminescence in the first aid quarters to achieve 320 lux. 
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25.7 Estimated Energy Consumption 
 
Energy consumption was approximated by estimating the daily duration of each load on 
each of the Lots at the Lark Hill Sporting Complex.  Estimates were based on 
information gathered from the manager of works, Mr Garry Rogers and the site 
caretaker, Mr Paul Smith.  Information was not obtained from the site nor was 
information gathered from the tenants of the buildings.  A better approximation of the 
energy consumption would be available by in depth analysis of site. 
It was assumed that the majority of the loads for the last quarter over winter were field 
flood lighting loads.  To determine the energy consumption of these lights, the energy 
consumption of the buildings were approximated; the difference between the Synergy 
Accounts and the estimate for the buildings energy consumption were then calculated to 
determine the energy consumption of the flood lights.  Solver was used in Excel to 
accurately determine the energy consumption of the lights and to determine the 
approximate daily operation of the flood lights assuming that the flood lights on each lot 
were operated for the same time. 
From these estimates, it was determined that the building accounted for 10% of the 
energy consumption for Lot 102, 32% for Lot 103 and 100% for Lot 104.  The 
remaining consumption was attributable to field floodlighting.  Irrigation was not 
included in the study due to its unknown pumping loads. 
Energy consumption was calculated entirely on lighting loads.  HVAC and cooking 
loads were neglected from this study since equipment was not available to test 
appliances for their energy consumption. 
Graphs depicting the energy consumption and power demand of each lot can be found 
in Section 25.12 - Appendix B – Estimated Energy Consumption. 
. 
25.8 Renewable Energy Review 
 
Lark Hill Sporting Complex received its power from Synergy on an L1 tariff.  Power 
from the L1 tariff does not form a part of any investment in renewable energy schemes 
and therefore was attributed to carbon emissions.  The L1 tariff is 17.47 cents per 
kilowatt hour.  A daily supply charge is also charged by Synergy at the rate of 26.57 
cents per day. 
Synergy provide a number of alternative energy options.  These include a 100%, 75%, 
50% and 25% Natural Power option, as well as a cheaper renewable energy investment 
scheme known as EasyGreen.  The Natural Power options provide the consumer with 
the peace of mind that a percentage of the cost of their electricity is going to renewable 
energy investment on Western Power’s south west interconnected network (SWIN).    
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EasyGreen is a $10.00 levy placed on the user’s account that is invested by Synergy into 
renewable energy alternatives to supply Western Power’s SWIN. 
Conversion from the L1 tariff to 100% natural power would have resulted in an excess 
of $3,082.86 in total on the Synergy accounts for the Lark Hill Sporting Complex since 
it began operations and would have resulted in 0kg of greenhouse gas emissions, a 
saving of 69,621kg of C02.   
Conversion from the L1 tariff to 75% natural power would have resulted in an excess of 
$2,312.14 in total on the Synergy accounts for the Lark Hill Sporting Complex since it 
began operations and would have resulted in 52,216kg of greenhouse gas emissions, a 
saving of 17,405kg of CO2.   
Conversion from the L1 tariff to 50% natural power would have resulted in an excess of 
$1,541.43 in total on the Synergy accounts for the Lark Hill Sporting Complex since it 
began operations and would have resulted in 34,810kg of greenhouse gas emissions, a 
saving of 34,820kg of CO2. 
Conversion from the L1 tariff to 25% natural power would have resulted in an excess of 
$770.71 in total on the Synergy accounts for the Lark Hill Sporting Complex since it 
began operations and would have resulted in 17,405kg of greenhouse gas emissions, a 
saving of 52,216kg of CO2. 
Conversion from the L1 tariff to EasyGreen would have resulted in an excess of $90 in 
total on the Synergy accounts for the Lark Hill Sporting Complex since it began 
operations and would have resulted in 66,008kg of greenhouse gas emissions, a saving 
of 3,613kg of CO2.  Full details can be found in  
Appendix D – Energy Alternatives. 
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25.9 Recommendations 
 
25.9.1 Lighting 
 
The Sustainable Energy Development Office of WA indicated that, “High pressure 
sodium (HPS) lamps are the most efficient type of [high intensity discharge] HID light 
available.  They also have the longest life and lowest lumen depreciation of all HID 
sources.”  These lights would be suitable for outdoor areas and could be used in place of 
the metal halide lamps used for stadium floodlighting (type FL) and the street lighting 
type (J). 
Natural light in the function rooms has been well designed with large eaves on the east 
and west facing sides.  Unfortunately late afternoon sun would place a hindrance on 
natural lighting in these function rooms since the angle of the sun would shine directly 
into them.  Since the stadia are generally unoccupied early morning, the same hindrance 
for the eastern windows would not be as prominent.  Use of double glazing on the 
western side of the function rooms and window tinting could assist to reduce the 
annoyance of the late afternoon sun in the function rooms that would otherwise get 
blocked out by blinds in favour of artificial lighting. 
On the ground floor, change rooms and stores exist.  The majority of lighting here was 
artificial with the remaining natural light able to travel down the corridors when the 
external doors are open.  Since the down stairs section of the club rooms is a sensitive 
area that requires some form of security, doors are generally left closed until access is 
required.  This inhibits any natural lighting; however motion sensors and timers have 
been installed throughout the majority of the ground floor areas to minimise energy use.  
Review of the duration of these timers could be conducted to ensure they are 
minimising energy use. 
Table 3.1 from AS 1680.1 entitled, “Recommended Maintenance Illuminance for 
Various Tasks, Activities or Interiors” indicates that change rooms need a minimum 
illuminance of 80 lux.  The change rooms measured in lot 102 indicated almost double 
that requirement at 150 lux.  It would therefore be feasible to reduce the number of 
lights in this area and still meet this requirement. 
Lighting in the function rooms was controlled by a number of switches.  This enabled 
the selection of various levels of artificial light depending on the level of natural light 
entering the building.  Education into the use of fewer lights or the addition of a sensor 
to restrict the number of lights that can be used could be installed to minimise energy 
consumption in this area. 
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25.9.2 HVAC 
Evaporative air conditioning was supplied to the top floor of the club room buildings.  
The ground floor was serviced only by exhaust fans to the change rooms and toilets and 
a wall mounted air conditioning unit that was located in the first aid room.  Additional 
to this was the heat gas heat exchanger for heating. 
A refrigerative air conditioning system was installed behind the function rooms that 
were used to provide a cool room for the storage of beverages.  This cool room ran 
constantly and had its own illumination.  It was recommended to ensure that this cool 
room was maintained, that the seals on the doors are kept intact and insulated pads be 
placed over the glass doors when not in commercial use to maintain temperature.  Also 
regular maintenance of the compressor and gas be upheld to maintain efficiency. 
The recommendations indicated by SEDO include: 
•  Use HVAC only when the club rooms are being used. 
•  Cool to 25 degrees Celsius and heat to 21 degrees Celsuis [SEDO, 2002] 
•  Control air conditioners by timer to ensure that they will not overrun. 
•  Use blinds and curtains to prevent over heating in summer afternoon sun and to 
prevent energy loss in winter after sunset. 
•  Use doors with automatic closers. 
25.9.3 Heating 
 
The hot water system was noted as being set to 70°C; however, Michael Turner of the 
City of Rockingham indicated that the City of Rockingham Health Local Laws 1996 
specifies a requirement for heated water to be supplied to a building.  Also, Clause 7(4) 
Schedule 4 of the Health Food Hygiene Regulations 1993 indicates that washing up 
must be done in water of 75°C or “50°C or more when a chemical sanitizer providing 
the equivalent bactericidal effect of a solution containing 50mg/kg of available 
chlorine” [Health Food Hygiene Regulations, 1993]. 
On this basis alone, it is recommended either use the appropriate chemical sanitizer and 
therefore allow a reduction in hot water temperature or raise the water temperature to at 
least 75°C.  
Increasing the water temperature of the instant hot water systems would only serve to 
increase the amount of energy consumed by the facility whereas significant reductions 
could be made by reducing the temperature. 
 
25.9.4 Alternative Energy 
 
There are a number of options available to reduce the carbon footprint of this site.  
Consideration of alternative tariff schemes that invest finances in alternative energy that  
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are charged in surplus to the current tariff scheme should be considered.  Alternatively, 
Council could invest in alternative energy solutions on site and so too reduce their 
carbon footprint and serve to offset the electricity drawn from the grid.  Such 
technologies are beyond the scope of this report; however, one such solution could be 
the development of the wind turbine proposed by Tilbrook and others in her 2004 
feasibility study into alternative energy solutions for Rockingham. 
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Account 
Start Date
Account 
End Date
Days
 Amount 
Due 
Main 
Reading
Units 
Used
Cost/ 
Day
Lot 102 
(kWh/ 
day)
Supply 
Charge
Tarrif  Cost 
12/12/2007 4/02/2008 54 809.05 $      4379 4379 14.98 $    81.093 0.2657 0.175 779.36 $         
4/02/2008 17/04/2008 73 2,850.05 $   20584 16205 39.04 $    221.986 0.2657 0.175 2,850.41 $      
17/04/2008 19/06/2008 63 4,987.60 $   49041 28457 79.17 $    451.698 0.2657 0.175 4,988.18 $      
Lot 102 Warnbro Sound Ave, Warnbro
 
Table 25 - use for Lot 102 Warnbro Sound Ave (Lark Hill Sporting Complex) 
 
 
Figure 34 - Daily energy use at Lark Hill Sporting Complex by Lot 
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Figure 35 - Forecast daily energy consumption for Lark Hill by Lot. 
 
 
Figure 36 - Energy consumption on an average day by lot 
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25.12 Appendix B – Estimated Energy Consumption 
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Figure 37 - Estimated Daily Energy Consumption by Location for Lot 102 
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Figure 38 - Estimated Daily Energy Consumption by Light Type for Lot 102 
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Figure 39 - Estimated Energy Consumption by Location for Lot 103 
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Figure 40 - Estimated Daily Energy Consumption by Light Type for Lot 103 
0
500
1000
1500
2000
2500
3000
D
u
c
t
 
1
D
u
c
t
 
3
C
o
r
r
i
d
o
r
 
1
C
l
e
a
n
e
r
S
t
o
r
e
 
2
U
m
p
i
r
e
 
C
h
a
n
g
e
 
2
F
e
m
a
l
e
 
c
h
a
n
g
e
 
2
M
a
l
e
 
c
h
a
n
g
e
 
2
F
e
m
a
l
e
 
W
C
 
2
M
a
l
e
 
W
/
C
 
2
F
i
r
s
t
 
A
i
d
 
1
 
S
t
o
r
e
F
i
r
s
t
 
A
i
d
 
2
 
S
t
o
r
e
O
u
t
h
o
u
s
e
 
W
C
C
o
n
c
o
u
r
s
e
 
2
S
t
a
i
r
 
2
B
a
r
F
u
n
c
t
i
o
n
 
R
o
o
m
 
2
C
h
a
i
r
 
S
t
o
r
e
C
o
r
r
i
d
o
r
C
l
e
a
n
e
r
O
f
f
i
c
e
 
2
L
a
r
g
e
 
P
l
a
n
t
 
R
o
o
m
F
i
e
l
d
 
F
l
o
o
d
 
L
i
g
h
t
s
Estimated Energy Use for Lot 104 by Location
Wh
  
 
Page |Appendix VI – (B) - 92  
Figure 41 - Estimated Energy Use by Location for Lot 104  
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Figure 42 - Estimated Energy Use by Light Type for Lot 104  
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Location Circuit
Tower 
ID
No. of 
Lights
Power 
Rating
Approx. 
Daily 
Use* 
(hr) 
Tower 
Power 
(W)
Estimated 
Daily Energy 
Consumption 
(Wh)
Lot 102 
(Wh)
Lot 103 
(Wh)
Lot 104 
(Wh)
Lot 102 SS1 LT2S1 8 2000 3.893 16000 62280.90 62280.90 0 0
Lot 102 SS1 LT2S2 12 2000 3.893 24000 93421.35 93421.35 0 0
Lot 102 SS1 LT2S3 4 2000 3.893 8000 31140.45 31140.45 0 0
Lot 102 SN1 LT2S4 4 2000 3.893 8000 31140.45 31140.45 0 0
Lot 102 SN1 LT2S5 12 2000 3.893 24000 93421.35 93421.35 0 0
Lot 102 SN1 LT2S6 8 2000 3.893 16000 62280.90 62280.90 0 0
Lot 102 MS1 LT2MS1 4 2000 1.000 8000 8000.00 8000 0 0
Lot 102 MS1 LT2MS2 4 2000 1.000 8000 8000.00 8000 0 0
Lot 102 MS1 LT2MS3 4 2000 1.000 8000 8000.00 8000 0 0
Lot 102 MS1 LT2MS4 4 2000 1.000 8000 8000.00 8000 0 0
Lot 103 HSE1 LT3SF1 4 2000 0.994 8000 7955.62 0 7955.62 0
Lot 103 HSE1 LT3SF2 3 2000 0.994 6000 5966.72 0 5966.72 0
Lot 103 HSS1 LT3SF3 7 2000 0.994 14000 13922.34 0 13922.34 0
Lot 103 HSS1 LT3SF4 6 2000 0.994 12000 11933.44 0 11933.44 0
Lot 103 HSW1 LT3SF5 8 2000 0.994 16000 15911.25 0 15911.25 0
Lot 103 HSW1 LT3SF6 5 2000 0.994 10000 9944.53 0 9944.53 0
Lot 103 HSW1 LT3SF7 3 2000 0.994 6000 5966.72 0 5966.72 0
Lot 103 HSE2 LT3SF8 8 2000 0.994 16000 15911.25 0 15911.25 0
Lot 103 HSE2 LT3SF9 7 2000 0.994 14000 13922.34 0 13922.34 0
Lot 103 HSE1 LT3SF10 11 2000 0.994 22000 21877.97 0 21877.97 0
Lot 104 RS2 LT4R1 11 2000 0.000 22000 0 0 0 0
Lot 104 RS2 LT4R2 13 2000 0.000 26000 0 0 0 0
Lot 104 RS2 LT4R3 6 2000 0.000 12000 0 0 0 0
Lot 104 RN2 LT4R4 4 2000 0.000 8000 0 0 0 0
Lot 104 RN2 LT4R5 12 2000 0.000 24000 0 0 0 0
Lot 104 RN2 LT4R6 8 2000 0.000 16000 0 0 0 0
Lot 104 RN1 LT4R7 8 2000 0.000 16000 0 0 0 0
Lot 104 RN1 LT4R8 12 2000 0.000 24000 0 0 0 0
Lot 104 RN1 LT4R9 4 2000 0.000 8000 0 0 0 0
Lot 104 RS1 LT4R10 8 2000 0.000 16000 0 0 0 0
Lot 104 RS1 LT4R11 12 2000 0.000 24000 0 0 0 0
Lot 104 RS1 LT4R12 4 2000 0.000 8000 0 0 0 0
Lot 104 RS2 LT4R13 2 2000 0.000 4000 0 0 0 0
Lot 104 RS2 LT4R14 2 2000 0.000 4000 0 0 0 0
Lot 104 RS2 LT4R15 4 2000 0.000 8000 0 0 0 0
Lot 104 RS2 LT4R16 4 2000 0.000 8000 0 0 0 0
* Solver 
used to 
determin
e values 
for 
floodlighti
Flood Light 
Total 405685.41 123312.17 0.00
Building Lights 46013.00 58116.40 18776.80
Lot Total 451698.41 181428.57 18776.80
Latest Bill 451698.41 181428.57 19431.03
Difference 0.00 0.00 -654.23
Building % 10% 32% 100%
Floodlighting at the Lark Hill Sporting Complex
 
Table 26 - Floodlighting at Lark Hill Sporting Complex 
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25.13 Appendix C ­ Lighting Description 
Ref Manufacturer Description Lamp
Power 
per 
globe 
(W)
Globes 
per 
fitting
Total 
power 
(W)
A Sun WP236
Surface mounted fluorescent IP65 weatherproof light 
complete with polycarbonate diffuser and stainless steel 
toggles, and electronic control gear.
2 x 36W 
Triphosphor
36 2 72
A/E
Sun WP236 
Emergency
As for type "A" but complete with emergency batteries and 
charger for one off 36W lamp to AS/NZS 2293.1
2 x 36W 
Triphosphor
36 2 72
A1 Sun WP218 As for type "A" but 2 x 18 W
2 x 18W 
Triphosphor
18 2 36
A2 Sun WP236
Surface mounted fluorescent IP65 weatherproof light 
complete with polycarbonate diffuser and stainless steel 
toggles, and electronic control gear.
2 x 36W 
Triphosphor
36 2 72
A2/E
Sun WP236 
Emergency
Surface mounted fluorescent IP65 weatherproof light 
complete with polycarbonate diffuser and stainless steel 
toggles, and electronic control gear with emergency battery 
backup kit to one lamp to AS/NZS 2293.1
2 x 36W 
Triphosphor
36 2 72
B Sun RP236 Series
Recessed fluorescent light fitting complete with hinged 
frame Prismatic diffuser and electronic control gear suitable 
for plasterboard ceiling.
2 x 36W 
Triphosphor
36 2 72
C Sun STA236
Surface mounted fluorescent light fitting complete with 
prismatic diffuser and electronic control gear
2 x 36W 
Triphosphor
36 2 72
C/E
Sun STA236 
Emergency
As for type "C" but complete with emergency batteries and 
charger for one off 36W lamp
2 x 36W 
Triphosphor
36 2 72
D1
Davis LP236 with 
LPWK236 wire guard
Surface mounted fluorscent luminaire with wire guard and 
electronic ballast
2 x 36W 
Triphosphor
36 2 72
D1/E
Davis LP236 with 
LPWK236 wire guard 
and emergency kit
As for type "D1" but complete with emergency battery 
backup kit to ne lamp to AS/NZS 2293.1
2 x 36W 
Triphosphor
36 2 72
D2
Davis LP136 with 
LPWK136 wire guard
As for type "D1" but 1 x 36W
1 x 36W 
Triphosphor
36 1 36
E Famco F9915G
Recessed non-maintained emergency light fitting complete 
with emergency batteries to AS/NZS 2293.1
1 x 10W QI 10 1 10
F
WE-EF ROXXY 
Steplight
Recessed IP54 steplight.  Marine grade die-cast aluminium 
alloy w ith concrete blockout
TC-5 18W 18 1 18
FL Bega 8530
IP67 floodlight (broad spread) with louvre attachment and all 
required accessories for column mounting.  Colour to be 
advised by architect
150W Hetal 
Halide
150 1 150
G1 Spectra Quatro
Surface mounted IP56 cast aluminium luminaire complete 
with opal polycarbonate diffuser and electronic control gear 
colour to be nominated by architect.
TC-5 18W 18 1 18
H Sun LB 236.RF
Recessed fluorescent light fitting with sealed diffuser to suit 
food preperation requirements and electronic control gear.
2 x 36W 
Triphosphor
36 2 72
H/E
Sun LB 336.RP 
Emergency
As for type "H" but with emergency battery backup kit to 
one lamp to AS/NZS 2293.1
2 x 36W 
Triphosphor
36 2 72
J
Sylvania Roadster 
MH2500-In Parkerville 
body
Carpark light fitting mounted on 10.5m pole.  Provide suitable 
mounting arm and spigot.
250W Metal 
Halide
250 1 250
K
Harcroft TB236 
series
Recessed fluorscent light fitting to suit T-Bar ceiling with 
hinged frame prismatic diffuser and electronic control gear
2 x 36W 
Triphosphor
36 2 72
N Iguzzini laser pixel
Recessed low voltage adjustable downlight complete with 
electronic transformer and 5000hr lamp.
50W low  
voltage
50 1 50
P1
Inlite Cat IN-218CO 
FIX
Recessed downlight with matt aluminium reflector, white 
trim and electronic control gear
2 x 18W 
compact 
fluorescent
18 2 36
P4
WE-EF XEDA M134-
0641
Recessed IP65 corrosion resistant downlight with safety 
flass lens and electronic control gear.
TC-TEL 18W 18 1 18
EX1 FAMCO F9913 Series
Wall or ceiling mounted sustained exit sign complete with 
emergency batteries and charger, directional arows to suit.
2 x 8W 
Fluorescent
821 6
EX2
FAMCO Cat No F9917 
series
Ceiling mounted recessed edgelite exit sign complete with 
emergency batteries charger and directional arrow to suit
2 x 8W 
Fluorescent
821 6
EX3
FAMCO Cat No F9937 
Series
Wall or ceiling mounted weatherproof (IP67) exit sign 
complete with emergency batteries and charger.
2 x 8W 
Fluorescent
821 6
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25.14 Appendix D – Energy Alternatives 
 
Location Days
Units 
Used
Daily 
Use
Lot 102 
(kWh/day)
CO2 
Used* 
(kg 
CO2/day)
CO2 
Used* 
(kg CO2)
Supply 
Charge
Tarrif  Cost 
Natural 
Power 
Excess
Lot 102 54 4379.00 81.09 81.09 80.58 4351.27 0.2657 0.1747 779.36 $       0.044
Lot 102 73 16205.00 221.99 221.99 220.58 16102.37 0.2657 0.1747 2,850.41 $    0.044
Lot 102 63 28457.00 451.70 451.70 448.84 28276.77 0.2657 0.1747 4,988.18 $    0.044
Lot 103 69 2822.00 40.90 40.90 40.64 2804.13 0.2657 0.1747 511.34 $       0.044
Lot 103 58 3188.00 54.97 54.97 54.62 3167.81 0.2657 0.1747 572.35 $       0.044
Lot 103 63 11430.00 181.43 181.43 180.28 11357.61 0.2657 0.1747 2,013.56 $    0.044
Lot 104 69 1223.00 17.72 17.72 17.61 1215.25 0.2657 0.1747 231.99 $       0.044
Lot 104 63 1234.00 19.59 19.59 19.46 1226.18 0.2657 0.1747 232.32 $       0.044
Lot 104 58 1127.00 19.43 19.43 19.31 1119.86 0.2657 0.1747 212.30 $       0.044
Totals: 190 70065.00 368.76 1088.81 366.43 69621.26 12,391.80 $   
Table 27 - Table of Energy Consumption by Lot 
Location  Cost  Excess
CO2 
Em itte d 
(kg)
 Cost Using 
75% Natural 
Power 
 E xcess 
with 75% 
option 
CO2 
Em itte d 
using 75% 
NP (kg)
 Cost Using 
50% Natural 
Power 
 E xcess 
with 50% 
option 
CO2 
Em itte d 
using 50% 
NP (kg)
 Cost Using 
25% Natural 
Power 
 Exce ss  
with 25% 
option 
CO2 
Em itte d 
using 25% 
NP (kg)
Cost using 
E asyGreen
Excess 
with E G
CO2 Emitted 
using 
EasyGreen 
(kg)
Lot 102 972.04 $         192.68 $       0.00 923.87 $         144.51 $      1087.82 875.70 $         96.34 $        2175.63 827.53 $        48.17 $     3263.45 789.36 $        10.00 $    4125.44
Lot 102 3,563.43 $      713.02 $       0.00 3,385.17 $      534.77 $      4025.59 3,206.92 $      356.51 $      8051.18 3,028.66 $     178.26 $   12076.78 2,860.41 $     10.00 $    15266.66
Lot 102 6,240.29 $      1,252.11 $    0.00 5,927.26 $      939.08 $      7069.19 5,614.23 $      626.05 $      14138.39 5,301.20 $     313.03 $   21207.58 4,998.18 $     10.00 $    26809.21
Lot 103 635.50 $         124.17 $       0.00 604.46 $         93.13 $        701.03 573.42 $         62.08 $        1402.06 542.38 $        31.04 $     2103.10 521.34 $        10.00 $    2658.59
Lot 103 712.63 $         140.27 $       0.00 677.56 $         105.20 $      791.95 642.49 $         70.14 $        1583.90 607.42 $        35.07 $     2375.86 582.35 $        10.00 $    3003.40
Lot 103 2,516.48 $      502.92 $       0.00 2,390.75 $      377.19 $      2839.40 2,265.02 $      251.46 $      5678.81 2,139.29 $     125.73 $   8518.21 2,023.56 $     10.00 $    10768.15
Lot 104 285.80 $         53.81 $         0.00 272.35 $         40.36 $        303.81 258.90 $         26.91 $        607.63 245.44 $        13.45 $     911.44 241.99 $        10.00 $    1152.18
Lot 104 286.61 $         54.30 $         0.00 273.04 $         40.72 $        306.55 259.47 $         27.15 $        613.09 245.89 $        13.57 $     919.64 242.32 $        10.00 $    1162.55
Lot 104 261.89 $         49.59 $         0.00 249.49 $         37.19 $        279.97 237.09 $         24.79 $        559.93 224.69 $        12.40 $     839.90 222.30 $        10.00 $    1061.74
Totals: 15,474.66 $    3,082.86 $    0.00 14,703.95 $    2,312.14 $   17405.31 13,933.23 $    1,541.43 $   34810.63 13,162.52 $   770.71 $   52215.94 12,481.80 $   90.00 $    66007.91
100% Natural Power 75% Natural Power 50% Natural Power 25% Natural Power EasyGreen
 
Table 28 - Comparison of renewable energy power options from Synergy.  
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26 Appendix VII – November Council Item (DRAFT) 
  File No. 
LUP/1339 
Item  3.59                                     Feasibility Study – Wind Turbine 
Proponent  City of Rockingham 
Officer/s 
Mr R Billing, Murdoch University Intern 
Ms K O'Neill, Environmental Projects Officer  
Mr P Strano, Co-ordinator Sustainability & Environment 
Mr P Ricci, Manager Strategic Planning & Environment 
Date of Report  30th October, 2008 
Previously Before 
Council  July, 2008 
Disclosure of Interest   
 
PURPOSE OF REPORT 
 
The purpose of this report is to detail the findings of a study that investigated the 
feasibility of installing a wind turbine at the Lark Hill Regional Sporting Complex.  The 
findings of this study indicate that a wind turbine installation at the Sporting Complex 
would be feasible and requests Council approval to continue with its development.   
Additional findings also request the Council to support the conversion of power 
supplied by conventional means to that provided by sustainable investment. 
 
STRATEGIC PLAN 
 
The matter falls within Functional Area 3, Strategy 8 - 'Introduce a comprehensive 
range of initiatives to manage the natural environment'. 
 
BACKGROUND 
 
In 2004, a report produced by R Tilbrook and J Thorne indicated that Lark Hill 
Regional Sporting Complex might be a good site for a wind turbine.  A site on the 
north-eastern boundary was investigated; however, the site was not developed and it 
was uncertain how effective the turbine would be.  It was recommended that a 10 or 
20kW Australian made wind turbine be installed on this site; however, the company that 
was investigated is no longer trading.  
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In July 2008, Council was informed that the City of Rockingham organisation had 
released 4000 tons (47%) of Greenhouse Gases (GHG) over the reduction goal adopted 
in May 2000. At this meeting Council agreed to reducing annual corporate greenhouse 
gas emissions by 15% of the 1996 levels by 2010.  
 
It was resolved at the July 2008 Ordinary Council meeting that Council would: 
1.  Endorse further investigation into the feasibility of locating a wind turbine 
within the City of Rockingham to generate power and/or act as an educational 
facility. 
2.  Acknowledge that should the construction of a wind turbine prove to be feasible, 
the project can be funded from the Renewable Energy Reserve (Account No. 
43.6141) 
 
DETAILS  
 
An energy audit conducted at the Lark Hill Sporting Complex from 12th December, 
2007 to 24th April, 2008 for the three separate metered lots (Lots 103, 103 and 104) 
indicated that a total energy consumption of 673.6kWh was being used each day.  This 
would be equivalent to the average daily consumption of 27 domestic houses which 
would equate to 669kg of CO2 emitted by the site each day  
 
Figure 43 - Snapshot of Gas and Electricity used on an average day at the Sportsplex  
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The main electrical loads on the site included the irrigation system, heating ventilation 
and cooling systems (HVAC), and lighting.  An investigation into the use of the various 
loads indicated that irrigation was planned to occur three times more frequently in 
summer than in winter.  Lighting loads and HVAC were estimated to balance out in the 
summer months due to the longer time between sunrise and sunset. 
 
A prediction of the energy consumption for Lark Hill Regional Sporting Complex based 
on the current growth of energy consumption showed that the increase in daily energy 
consumption would likely rise to 2800kWh/day.  This data was based on early data that 
may not truly reflect the actual growth of the site; however the data exactly fit the 
forecasted trend.  The R-squared term shown in Figure 44 indicates the precision of the 
mathematical prediction based on the previous data.  A value of 1 indicates a perfect fit 
of the data whereas 0 would be the poorest fit.  Since the trend is purely mathematical, 
seasonal trends and other external issues have not been accounted for. 
 
 
Figure 44 - Forecast of the daily energy consumption for Lark Hill Regional Sporting Complex 
 
In order to reduce the carbon emissions of the Lark Hill Sporting Complex two options 
were investigated; the use of Natural Power and Green Power; and generating 
renewable energy.   
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These included the supply of one of the natural power options that include a blend of 
25%, 50%, 75% or 100% natural power investment.  Green Power was also 
investigated.  Green Power costs $10 per month that is invested towards sustainable 
energy solutions.  A summary of the costs and benefits associated with the use of 
Natural Power and Green Power are summarised in Table 29.  Natural Power is a 
sustainable energy option provided by Synergy that replaces all or a percentage of 
conventional power generated by coal, gas and petroleum with other renewable sources 
such as solar, biomass and wind.  Green Power is an additional payment of $10 per 
month that is invested by Synergy to renewable energy production.  
 
Table 29 - Alternative energy options for the four month analysis period 
Option  Cost  Excess  CO2 Emitted 
100% Natural Power  $15,474.66  $3,082.86  0 tons 
75% Natural Power  $14,703.95  $2,312.14  17.4 tons 
50% Natural Power  $13,933.23  $1,541.43  34.8 tons 
25% Natural Power  $13,162.52  $770.71  52.2 tons 
Green Power  $12,481.80  $90.00  66.0 tons 
 
The other alternative investigated was the introduction of a wind turbine to the site.  
Wind was chosen over solar as an energy source due to the higher risk of low level solar 
panels and their ability to produce power only during daylight hours.  Solar panels also 
need to be adjusted regularly to achieve maximum efficiency whereas a wind turbine is 
designed to optimise the wind in all situations.   To further consider a wind turbine there 
required an analysis of the wind resource at the chosen site.  Four sites were identified 
that surrounded a central protected wetland area between the Lark Hill Regional 
Sporting Complex stages 1 and 2 developments.  From these four sites, two were 
chosen, the southeast (SE) and the southwest (SW) based on the predicted wind climate 
and their incorporation into stage 2. 
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by the site.  Urban wind turbines manufactured in Australia along with US, Chinese and 
European wind turbines were investigated; however, due to supply issues, many of these 
were not available or not suitable for installation in Rockingham. 
 
A short list of possible turbine options was gathered which included: 
•  Scottish manufacturer Proven: 
o  Proven 2.5kW 
o  Proven 6kW 
o  Proven 15kW 
•   American manufacturer Southwest Windpower 
o  Southwest 3kW 
•  Australian manufacturers Aerogenesis and Hush: 
o  Aerogenesis 5kW 
o  Hush 5.5m diameter (18kW) 
 
These turbines displayed a number of different characteristics (Table 3). The Proven 
2.5kW and 6kW wind turbines were offered at a discount rate to the City by 
Renewable Energy Superstores.  The Proven brand has been providing commercial 
wind turbines since 1982 and now have “1500 turbines installed world wide” 
[www.provenenergy.co.uk/about_proven.html].   
 
The Proven 15kW returned the greatest annual production of all the short listed turbines 
producing 39000kWh of energy a year, equivalent to 32.2 tons of CO2 offset; however 
since this turbine was not offered at a discount rate, it had a much higher unit cost at 
rated power ($12911.77/kW) than its competition. 
 
The Proven 6kW appeared to be an all round performer that produced 12000kWh of 
energy per year, offset 10 tons of CO2 per year and had a unit cost similar to that of the 
Aerogenesis 5kW turbine ($7416.67 for the Proven 6kW and $7360 for the Aerogenesis 
5kW).  The Proven 6kW also had the lowest payback period of all of the short listed 
turbines at only 26.1 years. 
 
The Aerogenesis wind turbine is in the final stages of testing and the company hope to 
have a commercially available product by early to mid 2009.  This turbine returned the 
lowest unit cost in terms of dollars per rated kilowatt at $7360/kW; however it did have 
a long payback period (36.1 years) due to the high cost estimate used for its installation.  
The Aerogenesis would offset 9.5 tons of CO2 per year and produce 10,000kWh of 
energy per year. 
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The Hush wind turbine boasted ‘noiseless’ operation.  This wind turbine manufacturer 
is also in the early stages of commercial production.  The Hush 5.5m turbine indicated 
unusual wind profile data that invoked a moderate level of risk for this project.  The 
Hush turbine seemed to perform quite well at unit cost per rated kilowatt 
($6494.44/kW); however, when compared against forecast production, the unit cost 
faired poorly at $8.35/kWh). 
 
The Southwest Windpower 3kW produced slightly more energy than the Proven 2.5kW 
unit but offset fewer CO2 emissions due to the emissions associated with shipping from 
the USA and its slightly less efficient two bladed design.  
 
Table 31 - Turbine comparison 
Manufacturer Proven Proven Proven
Southwest 
Windpower
Aerogenesis
Hush Wind 
Power
Make Proven 2.5 Proven 6 Proven 15
Southwest 
3kW
Aerogenesis 
5kW
HAWT
Model WT2500 WT6000 WT1500 WHI-500
5.5m 
diameter
Rated Power (kW) 2.5 6 15 3 5 18
Cost $AU 24900.00 44500.00 193669.00 33205.00 36800.00 116900.00
Carbon Offset (t/yr CO2) 3.70 10.00 32.30 4.00 9.50 11.70
Carbon Offset (t/yr/kW 
CO2)
1.48 1.67 2.15 1.33 1.90 0.65
Annual production (kWh) 4000.00 12000.00 39000.00 5000.00 10000.00 14000.00
Annual income ($/yr) 854.00 2235.00 7003.00 1105.00 1892.00 3241.00
Payback Period (yrs) 29.30 26.10 27.70 30.10 36.10 36.10
Unit cost (at rated pwr) 
($/kW)
9960.00 7416.67 12911.27 11068.33 7360.00 6494.44
Unit Cost ($/kWh) 6.23 3.71 4.97 6.64 3.68 8.35 
 
Income was based on the number of Renewable Energy Certificates the turbine would 
produce that retail anywhere from $20 to $45 each based on market conditions, and the 
renewable energy buyback scheme that Synergy has established.  This buy-back scheme 
would enable up to 5kW per electrical phase of electricity produced to be sold back to 
the Western Power South West Interconnected System. 
 
The Sustainable Energy Development Office provides grants to fund educational and 
research projects.  Grants of $50,000 are available to specific community projects that 
meet the following criteria [http://www.sedo.energy.wa.gov.au/pages/grants.asp]: 
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•  Initiatives that assist householders to increase their use of sustainable energy 
products 
•  Initiatives that encourage behavioural change to adopt sustainable energy 
practices, such as workshops and other education programs 
•  Public awareness raising activities, such as information dissemination, 
demonstration projects and public displays 
•  Home energy audits 
•  Other innovative activities that encourage sustainable energy use in the 
community. 
SEDO grants generally are considered in February and August of each year. 
 
COMMENT 
To support the Australian wind turbine industry it is recommended to proceed with the 
Aerogenesis project toward the middle of 2009.  If a faster implementation is required, 
the Proven 6kW wind turbine project is recommended.  In any case, it is further 
recommended that the SW site be chosen in preference to the SE site since it has fewer 
terrain undulations and would be more publicly visible in this SW location.  If it is 
desired to expand the project in the future with additional wind turbines, these could be 
located in the region surrounding the SE site  
 
The tallest tower available should be used on the site to maximise the power extracted 
from the available wind resource.  Towers for the Aerogenesis and Hush wind turbines 
would be made to suit the application.  The Proven wind turbines can only be supported 
by company approved 15m and 25m towers.  The 25m tower would be recommended 
for the Proven models whereas a higher 30m turbine would be recommended to support 
the Hush or Aerogenesis turbines. 
 
It is not recommended to install a wind turbine greater than 20kW at this stage since the 
wind resource at the site is not exact.  It would be too big a risk to make a major 
investment similar to that made by the City of Geraldton and the Shire of Greenough 
and also the investment made by Maribyrnong City as detailed in the July 2008 bulletin 
until wind data has been monitored at the site.  It is therefore recommended to monitor 
the data from a wind turbine rated less than 20kW for a period of at least two years to 
better appreciate the wind climate at the source.  Hosting this meteorological 
information on the internet would also assist in the provision of educational data for the 
residents of the City of Rockingham who could use the wind data to determine the 
feasibility of installing a domestic wind turbine on their property.  This data could be 
posted regularly on the Rockingham Web Portal.   
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Additional educational material could be provided at the base of the wind turbine in the 
form of static displays. This would assist the project when seeking  SEDO funds. It is 
recommended to apply for SEDO grant to provide the funds to accommodate the 
educational material and supplement the proposed funding source. 
 
Future Work: 
Tenders,designs. 
Planning approval would need to be sought since it was unclear if the wind turbine was 
consistent with the current development approval.   
Once planning approval has been sought, a design and construction tender process 
would be opened..l 
 
Future 
Invest in Natural Power to supply the site with power from sustainable sources. 
 
POLICY IMPLICATIONS 
 
 
 
FINANCIAL IMPLICATONS  
 
Account No. 436 141 – Allocated funds for a renewable energy project. 
 
STATUTORY IMPLICATIONS 
 
 
 
VOTING REQUIREMENTS 
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OFFICER RECOMMENDATION 
That Council take the following action: 
1.  Purchase and install a wind turbine in the Lark Hill Regional Sporting Complex; 
2.  Install the wind turbine on the SW site located between stage 1 and 2 of the 
Larkhill developments. 
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27 Appendix VIII – Electronic Appendices 
 
The accompanying electronic appendices contain all of the data contained in this report 
as well as information on the wind resource and WAsP projects.  Access to this data is 
via the series of folders available on the CD.  A list of the file structure on the CD is 
detailed below: 
Retscreen Files 
This folder contains numerous wind turbine feasibility studies that were investigated to 
determine costs and risks associated with each project. 
Pictures 
This folder contains all of the images used in this project. 
UTM Converter 
This folder contains the Excel programme that was used to convert latitude and 
longitude into UTM co-ordinates. 
WAsP Files 
This folder contains all of the data used by WAsP for the three different wind analysis 
projects conducted during this study. 
Presentation 
This folder contains the presentation of the work covered during the internship at the 
City of Rockingham. 
Excel Data 
All Excel spreadsheets have bee included in this folder 
Supervisor Meetings 
Information gathered during the meetings held with University supervisors have been 
included in this folder. 